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1.0 INTROUDUCTION

The Clean air Act Amendments (CRAA) of 1990 established new
requirements for State implementation plans (SIP) for many areas
that have not attained the natiocnal ambient air quality standards
(NAAQGS} for ozone. These requirements include an eXpansion of
the applicability of reascnably available eontrol technoleogy
(FRACT) to sSources af voiatile organic c¢ompounds (VOC) smaller
than those previously covered by the U,S. Environmental
Protection Agency (EPA). They also regquire that certain
nonattainment areas reduce VOO emissions kelow the existing RACT
requirements to ensure continual progress toward attainment of
the ozone NAADS. In addition, certain areas reguire a
demonstration through atmospheric dispersion medeling that voc
emission reductions will produce czone concentrations consistent
with the ozone NAXQS.

To help the States identify the kinds of voc control that
could be ueed to help mest these and other reguirements, the 1990
Amendments also requirs EPA to publish alternative cochtrol
technology (BACT) docUmentsz for 3 variety of VOC sources. This
daocument was produced in response to a request Dy the baking
industry for Federal gquidance to assist in providing a more
uniform informatien base for State decision-maxing. 'The
informatien in thiz document perzains to Dakeries that produce
bread, reolls, buns, and similar products, but not those thar
Aroduce crackers, pratzels, sweet goods, ar baked Iocdztafss +hat
Are TeT yeast-ieavened. In this document, bread rafers Lo yeast-
leavened pan bread, rolls, buns, or similar yeast-laavanes
Products unless otherwise noted.



1.1 OBJECTIVES

Onz objective of this document is to provide information on
the baking process, potential emissions from baking, and
potential emission contrel eptions for use by State and local air
pollution contrel agencies in their analysis of new and existing
bakeries. This can be accomplished by identifying the cost
affectiveness of controls for each oven in their area and
cemparing to other facilities or industries to Judge whers money
#wight be spent 'most wisely to lower emissions in the air shed.
Another important objective of this document is to provide a
predictive equation similar to an existing industry-derived
equation (described in Section 1.2), but for total VOoC, using
recently gathered emisslon test data.

1.2 OVERVIEW OF THE BAKERY INMDUSTRY

About 600 large commercial bakeries produce breadstuffs in
the United States.’ Becau=e bhread is perishable and delays in
distribution to retail outlets are undesirable, bakeries are
usually locatsd in or near population centers. Because -
populaticn correlates with vehicular travel and octher VoOC
emission sources, bhakeriez are frequently located in ozone
nonattainment areas.

Abcout 23 pbakery ovens in tha United Statas cdrrentiy have
emission control deviees ingtalled.: Some of thesae are located in
States or distriets that have rules specific to bakeries {such as
California's Bay Arsa and South Coast). The other controllied
bakery ovens are located in ozone ponatrtainment arcasg where RACT
is required far major statiomary sources, in czone attainmant
areas subject to prevention ¢f significant detericration {FSD)
review, or at bakeries electing to contrei VOC emissions for
other reascns. i _

The primary VOC emitted from bakery operation is ethanal.
In yeast-leavaned breads, yeast metabolizes sugars in an
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anaerobic farmentation, producirg carben dioxide that is largely
responsible for causing the bread to rise. Besides the carbon
dioxide, equinclar amounts of ethanol and small amounts of other
alcohols, esters, andg aldehydes are produced.

The primary emission =ource at a bakery 1s the aven.
Because the ethancl produced by yeast metabolism is generally
liguid at temperaturess below 7790 {17V0°F}, it is not emitted in
appreciable amounts until the dough is exposad to high
temperatures in the oven. aAlthough high concentrations of VoC
‘exist in the prooi boxes that are often usad to raise the panned
deugh, tha low airflow through those boxes minimizes emisgions.

The regulaticon of VOC smissions from bakery ovens is a
recent development. Three major studies, detailed in Sectien
2.3.2, have been conducted to establish an emissioen factor for
quantifying VOC emissions from bakeries.

The first, Commercial Pakerieg as a Major Source of Reaccive
Yolatile organic Gases, was conducted in 1977 under an EPA

contract.’ Ethanol emissions were calculatad as 1.0 l1b/ton aof

bread for straight dough and 11.2 lb/ton of bread for sponge
dough. ' '

The second study was performed by the Bay Area Air Quality
Management District (BAACMD} in San Franciseco.,® After sarly
testa showed that ethancl was ths primary Vol émitted, a total of
16 ovens were tested using agueaus impingers and gas
chromatography/€lame ionization. Ethancl amissions wers
caleulated to range from 0.6 te 14.0 lb/ton of bread.:

The third study was performed by the Zmerican Tnstitutz aof
Baking (ATIB).' This study was inkendad *=o 2xplain the wide range
2f enission factors resu-ting from the BAAQMD study and o
provide a2 mathematical model for pradicting ethanol emissions
from pakeries. Statistical analysis suggested that the Ffactors
correlating best with ethanol emissions were Yeast concentration

and total fermentation time, and that the relaticnship was
described as;



EtOH

0.40425 + 0.444535 (Yt)
where
EtOH = pounds ethancl per ton of baked bread
Y = baker's percent yeast
t = total time of fermentation
This formula includes a little known correction for the addition
of =piking veast where:
Yt = (¥, x &) + (S x t,)

and
¥; = baker's percant yeaat in sponge
t; = total time of fermentatien in hours
§ = baker's percent yegast added to dough
t, = proof time + floor tima

The "percent yeast in sponge" and "percant yeast added to dougn®
are in terms of haker's percant of Yeast to the nearest tenth of
a percent. The "total time of fermentation" and "proof time +
floor time" are the fermentation times in hours to the nearsst
teanth of an hour.

1.3 CONTENTS OF THIS DOCUMENT

Typical bakery processes, sgquipment, cperating parametars,
emission sources, emission =tream characteristica, emission
estimates, tochniques for determining emissiens and ragulations
currently affecting VOC emissions from bakeries are describad in
Chapter 2.0. cChapter 3.0 prasents emissicn control techniques
that ars gererally used, smis=sien control fLechniques that =ay be
2xiEctve but are not in generai ase, and smission Sontrel
techiiiques t£hat Invelve transfar of technolegy from sther
industries. Chapter 4.0 prassnts Capltal and annualized zosts o

I

controlling emissions for the control technigques ldentified as
feasible in Chapter 3.0, guidanca oh methods of estimating =he



costs of alternative control tachniques, and environmental and
energy impacts.
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2.0 INDUSTRY DESCRIPTIDN, FROCESSES, AND EMISSIONS

This chapter presents 4 description of the haking industry,
recuilationzs Culrently affecting the industry, ang informwation an
t¥pical bakery unit operations inecluding processes, equipment,
operating parameters, emission Sources, and emission streap
characteristics.

2.1 INDUSTRY DESCRIPTION

The baking industry in the United States is large and
decentralized. In 1asg there vere 2,636 commercial bakeries in
the United States.! as shown in Table A-1, located in Appendix
A, B54 bakeries produced white Pan bread, gsgg Produced buns ang
soft rolls, 1,07 producad variety bread, and 713 praoducsg heart+h
bread and roilis.? These four types of baked goods constitute the
bulk of the bakeqd goods considered in this document. As shewn in
Table A~2' of Appendix A, the top 100 bakery campanies oparated
6§18 plants with sales ranging from $30 million to $2.5 billicn in
1290.% 2Aggregate =ales from these 612 hakeries wWas 3H9.5
billion.’ Consumer sxpenditures for bakery food in 1990 ranged
between 9 and 11 percent of all deollars Spent on food consumed at
home, with from $209 tg 3259 spent per Year per housshold,' pexr
capita bread consumption in 1990 was 419.93 1bs, and was Predicted
to iné}ease-ﬁ.z Percent ‘annually Ehrough 1%96¢.° Tahia A-3, in
Apbpendix 3, presents the nationgl distribucion of sakeries by
t¥pe, remgion, and Stare.’ Bacause oread is perishgpie and
distributien delays are undesirable, the locatisp of bakeriag

tends to correlate wizh Pecpulation and are in larger cities [n
all states,



2.2 UNIT OPERATTICHS

The following descriptions are aggregate and composite, and
not necessarily descriptive of a particular operation.
Production volumes, for example, fluctuate by daily orders,
holidays, and seasonal fluctuations.

2.2.1 Dough Processes

Bread production at large commercial baksries iz a highly
automated process. When operating at full capacity, a single
large bread bakery may produce up to 300,000 pounds of over 100
different varieties of bread and other bakery preoducts per davy.
All physical mixing and blending of ingredients, as well as the
working and dividing of the doughs, is performed mechanically.
Most dough batches are ccnveyed through aach step of the process,
frem the initial dividing through the final slicing and bagging,
with minimal handling.

Four basic dough processes are used by commerciazl hread
bakeries: sponge and deugh, straight dough, ligquid ferments, and
no-time dough. The s=ponge and dough and ligquid farment methods
are usad most often by large ¢ommercial hakeries, Straight
doughs ars used for a few =ypes of variety breads.

Bread in itz zimplest form réquires four ingredients:
flour, water, yeast, and salt, attributes such as loaf valune,
crumb seftness, grain uniformity, silkiness of texturs, cruss
celor, flaVerand.arﬂma, softness retention, shelf life, and,
most important,” nutritive value can all be improved by the
addition of approprlilats aptilonal ingredisnts. The materlals= +hat
are aitier reguired or mavy be optionally included in cthe
producticn of various siandardized oread products =Te legally
defined by the Food and Drug Administration (21 CFR Part 13&;.°

A rapresentative formuls for white pan bread is shown in

Teble 2-1.' Two terms used throuchous the document which ars



Table 2-1. Representative White Pan Bread Formula®

e ———rT— —%
Ingredients Spongs %* Dough (Remix) %* Total % in
. Formuia
Essantial
Flour 65.00 35.00 100.00
Water 37.00 27.00 84.00
Yeast 275 2.75
Salt ' : 2.1 2.1
QOptianal :
Yeast food Q.50 0.60
Swweeteners [salids) 7.25 7.25
Shartening : 2.3 2.3
Dairy bisend 2.0 2.0
Protease enzyme 0.25 0.25
Emuisifier 0.50 Q.80
Dough strengthener 0,50 Q.50
Preservative 0.20 0.20

182.35

* % aquals baker's percent

*Referance 10




unique to the bakery industry ars "baker's percent" and
"fermentation time®. The baker's percent of an ingredient in a
bread formula refers to the welight of that ingredient per 100
lbs. of flour in the formula. For 2 given formula, the baker's
percent of all the ingredients will total to more than 100
percent as the flour alone equals 100 baker'’s percant. Table 2-1
presents a bread formula and the baker's percents (or welights) of
each ingredient. The total weight of flour in the formula is 100
lbs., the total weight or baker's parcent of yeast iz 2.75. The
baker's percents of all the ingredients in this formula totals tno
182.35 bhaker's percent. Fermentation time refers to the period
of time the yeast is fermenting. The clock for fermentation time
starts when the yeast comes in centact with water (whether it is
in a brew or dough) which can supply it with nutrients needed for
reproduction. The clock Stops-when the bread enters the owven.

As about 30 percent af white Pan bread produced in the
United States iz made DY the =potige and dough process, the
formula in Table 2-1 is shown in its adaptation to that
procedure. In the straight dough methed, a somewlat higher veast
level (about 3.0 percent or mora} is generally used, and all of
the listed ingredients are processed as a single batch. It
should also be kept in mind that individual bakers intreduce
ninor guantitative variations in their formulations and that the
values shown represent weighted averages.

In the sponge and dough method, the major farmentative
actlon <ake= place in a prefermaent, called the spenge, in which
normally from S0 to 70 percent of the total dough flour is
Subjected to the pPhysical, chemical, and bislogical act:ens of
Termenting vesst. The spange 1s suapsergquently combined with She
rest of the dough ingredients to recaive itz final physical
developmant during the dough mixing or remix stage.”

The mixed sponge is discharged into a greased trouch and sat
to ferment in a special fermentation reom. The sponge
farmentation time normally lasts 4.5 hours, but may vary from 3.5
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hours for sponges incorporating 75 percent of the total flour tao
E hours for spongee with only 50 percent of the total flour.
Increased yeast levels bring about a noticeable reduction in
fermentation time.!?

The fully fermented sponge is returned to the mixer and
mixad into the final dough, which receives additiconal
fermentation for a short floor time (no mere than 45 minutes
undar average conditions)."

The straight dough method is a single-step process in which
a4ll the dough ingredients ars mixed into a single batch. The
gquality of the flour, the tamperature of the mixed dough and the
ampunt of yeast used will determine the farmentation time.” The
dough is fermented for periods of 2 to 4 hours, with the actual
practice time beinyg generally close to 3 hourz." Once
farmentation begins, the completion schedule is inflewible.'

About 79 years ago, efforts te simplify the sponge and dough
method of breadmaking resulted in a stable ferment pProcess that
replaced the sponge with a ligquid, flour-free ferment.? The
basic stable ferment was made of up to 70 percent water, and
gmell ameounts of Yeast, yeast food, malt, sugar, nonfat dry milk,
and salt.”® The resultant suspension was fermented at a constant
temperature for & hours under gentlas agitation. The mature
ferment was then either used immediately in whole or in part for
doughwaking, or it could be stored for about 48 hours, in a
gtabla condition, by cooling,”

Since the 1%50's, the stable ferment Process has boeen
subjected to a number of medifications and the resultant ferments
are variously referrad %5 as limuid sponges. liguid ITerments,
orefarments, brews aor broths, and continuous miw, @

Although many variations on the original list af ingr=dianzs
exist, flour-rree ferments are currently aften made up of 52
percent water, and small amounts of swaateners, vyeazt, salt, and
buffer salts to control the pH.® These ferments undergo



Termentation for 1 to 1.5 hours while being mildly agitated:; the
mature ferment is uged or cooled,®

In general, the time ragquired for thae proper fermantation of
liquid ferments depands primarily on the level of flour in the
ferment. Fiour-free ferments, given an appropriate set
tamperature, require about 1 hour of fermentation, wheraas
ferments containing 40 percent flour need 2 te 2.5 hours to reach
the end point,?

Attempts to reduce the time required before the final proor
have taken two directions: (1) mechanical deugh development
obtained by intensive high-speeqd mixing of dough for a short
time, and (2) chemical dough developmant in which the dough is
traated with appropriate reducing agenmts and cxidants and mixed
at conventicnal spesds. Both approaches, in effect, sliminate
the bulk fermentation stage that represents about 60 per cent of
the total time in the traditional breadmaking process.® These
dougha are often callad no-time doughs.

The elimination of bulk fermentation time by mechanical
dough develcpment usually means that these doughs regquire an
increase In the yeast level of 0.5 o 1.0 parcent amnd a decrease
of 1.0 to 2.0 percent in the amount of added sweetepers. The
production time from the start of mixing toc the end or baking may
ba reduced te less than 2 hours.®

Chemically develcoped deughs are generally refarred to ac
short-time doughs if they are subjectad to bulk fermantation for
periods of 0.5 to 1 heur, and no—time doughs 1f they are taken
directly from the mixer to the divider with no more than 15
minutes of floor time.” These doughs require an increase in tha
yeast level of 2.5 £ 1.0 per cent and a dacrease Af 1.3 per zant
in the amount of added swasteners. Arfter an average fermentation
time of 30 minutas, the yeast slurry may be c¢ooled or mived asg a
straight dough.” The production time from the gtaret of mixing to
the end of bakiny may be reduced to lass than 2 hours 3



Following fermentation, thae dough produced by any of *ha
above processes is divided, rounded and made up into piecas of
Proper weilght for intermediate procfing, moulding, final proofing
and baking. Dividing and rounding operations subject the dough
to considerable physical abuse.”® The rounded dough balls are
given a brief rest period in an intermediate or overhead proofer.
Proofers are cabinet areas off the floor of the bakery which are
Protected from drafts. The actual proof time in practice can
last anywhere from 30 seconds to 20 minutes, although it will
usually fall within a range of 4 to 12 minutes.® on leaving the
intermediate proofer, the dough pieces enter a moulder in which
they are shaped and moulded into a cylindrical loaf form and then
deposited in the baking pan.™

After the dough is deposited in the baking pan, it is ready
for final proofing in a proof box. Proof times in practice
generally fall within a range of 55 to &5 minutes. For the mosc
Part, panned dough is proofed to velume or height rather than for
a fixed time.®

After final procfing, the dough 13 baked in an oven. Moders
cvens are ganerally designed to convey the baking loaf through a
series of zones in which it is expased for definite time periods
ta1different temperature and humidity conditions. The first
stage of baking, at a temperature of about 240°C {(400° F} iasts
about 6.5 minutes. The second and third stages of baking
together last some 13 minutes at a constant temperatare of about
238" C (460° F). The final zcne is maintained at a constant
temperature of 221 to 238" C (430 to 460° F) and the loaf baked
for about 4.5 minutes.®

While theze tfemperatures and durations of the individual
baking phases are representativa of convantiaonal baking pPractica,
consicderanle deviations ars encountered, Factors such as oven
design, weight or volume of preduct, crust character and ¢olor,
level of residual crumb moisture and otzers all have a bearing on
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actual baking temperature and time. Product size in particular
is an important determinant of baking time.®

These are only the kasic processes. Each bakery employs
variations of these basic processes to suit its production

equipment, which is further varied for each individual type of
product.

2.2.2 Equipment

2.2.2.1 Mixers., Various mixing devices are usad to combine
the dough ingredients. These devices vent inside the bakery and
are scurces of minimal volatile organic compound (vog)
emissions.”

Z2.<.2.2 Fermeptation Vegseis. These ara typically wvats in

brew processes and tubs in spchge processes. The yeast
reproduces here if under aerobic canditiens; it ganerates carben
dioxide gas, liguia ethanul, and cthar products if undear
anaerobic conditions. The rooms housing these vats are humid and
warm, and are designed to have minimal air changes.,

2.2.2.3 Intermediate Proofers. Intermediate proofers are

usad ta relax dough pieces for 1 to 12 minutes™® after dividing
and rounding and befores they are moulded into loaves.
Intermediate proofers arz generally operated under ambient

conditicnz. The intermediate proof time is usually hetweaen 4 andg
12 minutes.”?

2.2.2.4 Proof BHoxes. DCroof boxes are wiers some doughs ars
allowed to proof (ris=) after being panned. The proof box is a
relativaly large chamber, fabricated of well insulated panels and
equipped with temperature and humidity controls. The three basic
control facteors in final preofing are temperatura, humidity, and
time. In practics, temperatures within the range of 32 to 54° ¢
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(90 to 130° F) and relative humidities of 50 to 20 percent are
encountered, with proofing temperatures of 41 to 43" € (105 to
110° ¥} being most prevalent for bread doughs.”® Under the
influence of the eslevated temperature, the yeast activity in the
dough is accelerated and the loaves expand under the increasing
pressure of carbon dioxide produced by the yeast until its
thermal death in the oven.” Cars ig taken to minimize exhausts
from these rooms, thereby minimizing the cost of heating ana
humidifying them. Although significant Yoo concentrations have
been measured in proof boxes, the small flow of air through then
indicates small vOC emissions.*

2.2.2.5 Dvens. TLarge bakeries ty¥pically operate from one to
four ovens of wvarying s1zes, each one suited ta produce gertain
tfpes of breads, buns, rolls, and othar bakery preducts. a1l
known oveng burm natural gas, although sone ara equipped to burn
Propana as a standby fuel. Approximately 85 to 94 percent are
directly fired" by long ribbon burners across the width of the
oven. Indirectly fired cvens use gun burners and separate burper
and oven exhausts, allowing for the use of fuel such as
distillate oil. Indirectly fired ovens tend +o ba found in areas
wherse natural gas iz not available, and often are adapted for
higher heat input after natural 925 becomes available by jetting
(drilling) the fire tubes. This modified oven is sumetimes
referred to as a semi-indirect-fired aven.

General;y, large commercial bakerjies operate one very large
oven for baking high-volume products such as white and wheat
breads. Most bakeries alsc have one or mere smoller owvans TFor
producing kbuns, rolls, and shorte-run specialty breads. There are
three basic configurations of large ovens:

" Tunnel Qven: Doughs are conveyzd along the length of the
' oven from the front entrance to the
rear exit. Generally, the oven has twoe or
more exhaust stacks (see Figure 2-13.

%]
t
w -



Comfort

Hood
Rear Exhaust
Exhaust

Front
Exhaust

Flgure 2-1. Tunnel oven.
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* Lap Oven: Conveyor is mlapped" so that doughs are both
loaded and removad Bt the Front of the oven,
after travaelling the length of the oven and
back. Usually the cven has two or three
axXxhaust stackes (see Figure 2-2).

* Spiral Qvan: Conveyor path is spiraled so that doughs

Qvens are often equipped with a purge stack for @xhausting
residual gases in the ovan prior to burner ignitien. The damper
for this stack is normally closed priecr to baking. Emissions
from these purge stacks should be very winor, and for the
burposes of control devices and permitting, they will Presumably
be treated in the Salle wWay as other minor emission sources,

Many ovens are alsn equipped with comfart hoods on either
end. These devices Celiect air emissions frop the oven that
might otherwise vent to the bakery interior. Comfort hoods that
raly on fans rather than on convecticn ta a¥xhaust emissions nave
A greater potential for enissions.

Whan an oven is First installed, it takes approximately 2
weeks to adjust it? ang kalance the airflows before it is ready
Tor production, Turbulence in the exhaust airflow can ecause
unstable or extinguished burner flames and Non-uniform lateral
heat distribution throughout the zone. This may result in
unevean, imprcperly baked bread with poor texture, crumb
charactaristics, and flavor, as wejll azs other undesirabla
characteristicg, :

Some bakeries have additiona] baking egquipment rFoyr
Producing such aisszllanecus i+eme 1 muflins, croutons, ang
breadsticks., This equipment differs substantially from bread
Ov¥ens and was neot within the Scope of this document.

<-2.2.6 Coelipg Boxes. After baking, bread is conveved kg
an area to coal, Cooling may take Placa eithar ap 2 2piral



Reaar Exhaust
Exhaust

Trays In
Trays Cut

Figure 2-2. Single-lap oven.



Dough In

Figure 2-2, Spiral gven.




conveyor or on a multi-tier loopad conveyor suspended from the
ceiling. cooling conveyors may Or may not be enclosed.

2.2.2.7 Packaging. After cooling, the bread is packaged for
shipping. Soms bread products are sliced before packaging.
These processes are highly mechanized.

2.2.2 Opeaeyating Paramsteres

The oven i saparated into saveral temparature zones to
contrpl the baking process. In the initial zones of the oven,
the loaf rises to its final wvolume {oven spring) and the yeast is
killed, halting the fermentation reactions. In the middle zones,
excess moisture and ethanel are driven off. In the final zones,
the crust iz browned and the sides of the loaf become firm sncugh
for slicing, The baking process iz complete when the temperatura
at the centaer of the lcoaf reacheés approximately 20 to 24°%C (194
to 201°F) .%

The coperator can adjust the oven temperature te compensate
for differences between batches and bread varieties kased on
visual inspection and experience. The temperaturé in each zone
is controlled by adjusting the burner heat ocutput with
temperature contreollers and manually adjusting the axhaust
dampers. constant temperature and laminar £low of exhaust gases
must be maintained across the width of the gven.

The entira baking process lIs very sensitive to upset. By
law, white pan bread must weigh the amount stated on the package
without excaseding 38 percent moisturas.®

all equipment must be extrsmaly tellable To maintain aigh
bread gquality while maintaining a tight, continuous production
schedule., For <¥Xample, panned douch and bpread are usually
transported from ane proceszs to another, such as from baking to
coaling, by mechanical conveyor belts. A conveyor shutdown may
cause the bread in the oven to ramain tee long in the oven and to
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overheat. If ths loaves about to go into the oven are delayed,
they may rise above the size that will rit in the bread bags.
Each process unit depends on the smooth Ccperation of the
Preceding unit, and a breakdoyn in one process may affect dough
not scheduled for baking for aeveral hours. Fop eXanple, even a
Binor malfunction of the bag twist-tiae machine can resplt in the
loss of dough in the Proof box. This dough cannot be baked and
stored or storad at temperatures low enough to retard proofing
becausa there are rarely provisions for storage at any
intermediate stage in Processing. One cost of installing contrel

control eguipment.

As bread is produced for human Consumption, bakeries are
required by health ang safaty regulations to maintain strict
sanitary conditions., In addition %o daily cleaning, most

bakeries are shut down faor Cleaning and maintenance ona or two
days per weaek,

2.3 ATIR EMISSIONS

The major pollutants emitted from breaqd baking are voc
emissions, chiefly the ethanoil Produced as 3 by-product of the
leavening Brocess, which are Precursors to the formation of
ambient ozone, Under aerohic conditions, yeast uses sugars added
to the dough or converis starches in the dough to sugars for
mutrients Supporting the generation of pew Yeast cells, Oxvgen
Consumption during yeast TEpraduction produces an Anaerchbic
envircnmenr _ Undar anaerchjc- Conditions, yeast ferments Sugars,
creating carbon divxide, ethanol, and other Dy-products by the
BOZYMALIiC conversion of Sucrose to glucose tno P¥ravic acid to
acataldehyde to sthanogl. The yaaast fermentation of 130 Ibs ar
Sugar {from ajther added sugar or SUgar converted frop starch by
the yeast) produces 43 1b=s a@thancl, 47 1bs carbon dicxide, and 4
1bs of glycercl, srganic acids, aldehydes, ang varicus gpinor
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compounda.® These ¢ompounds are responsible for the
characteristic flavors and aromas of bread. The ethanol formed
in the dough is vaporized and esmitted from the oven during the
end of the baking process when the internal crumb temperature
reaﬁhes the bolling point of ethancl. Emissions of criteria
pollutants arising from combustion (oxides of nitreogen, oxidas of
sulfur, and carbon moncxlde) are comparatively small from the
typically natural gas=fired ovens.

2 Few types of bread, such as corn bread and soda bread, are
chemically leavened with baking powder. An acid/base reaction
releases carbon dloxide, raising the dough without ethanol
formatlion. However, since the trace organic flavoring agents are
alsoc not formed, the resulting bread products taste different
from conventional breads.

2.3.1 Emission_ Sourcesg

The primary source of VOC emissions at a bakery is the oven,
Sereening measurements taken at miXers, fermentaticn vessels,
comfort hoods, preoef boxss, oven axhausts, cooling area exhausts,

and packaging armaz suggest that greater than 50 percant of VOU
emissions are from the oven.®

2.7.2 Emis=ian Strean Cherscteristics

Moct ctudies of emissicns from dough and bread have been to
investigate flavor c¢onstituents, rather than to evaluate air
pollution concerns.*® Several studies, howevar, have been
conducted to charackterize bakery alr amissions. Thay ars
described below.

2.3.2.1 Comm i erie ajor Source

at o ¢ Gases, This study, performed under an EFA
contract in 1977, represents the first attempt at estimating
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ethancl emisgicng. ® Four loaves of braag Were prepared,
fermented, ana kaked in a gmai: electric oven under a tent tg
Capture emissicng from sach stage of the breadmaking procaess,
Enissions wera easured at 0.5 lbg ethanel par 100n 1bs bread for
the straight dough procass and 5.8 lhs gthanol per 1000 1bs breag
for the SPonge dough process. Over 50 percent ©f the ethanol wag
emitted during the baking. several other emission factors,
Tanging from 5 tg gz 1lb= ethanc] Per 1000 1pbs bread, wers alsg
calculated frop Various theoretical congiderations for comparison
pUurposasg,

ingredients uzed, Sweatsner angd ¥EasSt concentrations wers both
relatively high, and a Standard commercial baking grade of yeast
wWas net used to make the tegt loaves.

2.3.2.2 Bay area Alr Quality Management District {EAACOMD]
Study. This 1985=-1534 study entaijed source testing of bakery

Tacters, the BAAQMD Performed at least one sSource test using
BRACMD Method 5T=32 on &¥ery bread, bun, and Toll oven at BACh of
the seven large commercia) bekeries within the Bay Ares, » totai
ef 16 ¢ovens were tested, with Some tested several times under
different Cperating conditions, Seurce emission factors,
S¥prasged in pounds of &thanol per thousand pounds of bread, wera
caleulateg for each teast berformed. pre rasuits obtained ranged
from 0.3 to 7.4 lbs ©f ethangl Per 1000 lbs af bread baked. The
reasons for thise Variation of Bthanol smissions Were ngt
Teportad.

€:32.2.3 Americap instituta eof Baking (aTRB) Study. rThig 1337
study examined the =thanol emissions data collectad by the
BRAAQMD,. ¥ 7Tha Purpcse of tpig study was to explain the wide
fluctuations inp levels of ethanal measured during «he BAAQMD
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survey and to look for cerrelations in the levels measured., The
ATB was requested to study the relationship between the Test '
regults and process paramaters that may affect emissions. The
parameters studied included ygast and swestener concentrations,
fermentation time, type of process (sponge dough vs. straiaght
dough vs. brew}, type of product (white bread, buns, gourdough
pread, variety), and baking conditions {time and temperature). A
linear ralationship was found between emissions flbs ethanol per
1000 lbs bread} and the product of the initial yeast
concentration and total fermentation and proof time. The dough
process type (sponge, straight, and liguid brew) also had a small
influence.

Ta confirm this relationship, AIB derived a mathematical _
model based on the source test data. Using the formula developead
based on thiz model (see page 1-4), an atharnnl emission factor
can be estimated for each varisty of bread, and ethanol enissions
from an oven baking breads of the varieties for which the formula
is applicakle can be quantified by multiplying the preduct mix hy
the appropriate emissicn factors.

2.3.2.4 South Cgast Air ouality Mana t District MD
gtudy. This 13828 survey was initiated by the SCAQMD's Rule
Davalopment Office te guantify ethanol enissicns and detarmine
the number, types, gnd"cnapgcperis;igg of bakery ovens operating
in the District.® The study was carried out using a

guestionnhaire designed by SCAQMU and distributed to bakery
operaters by the newly formed Sounthern California Baker's Air
puality Asscciation. fﬁfnrmatiﬂn on bakery oparations was
supplied by the major hakeries in the District. The quantity of
athanol emissicns raflsctad in answers te tha questionnaires was
estimated by the bakery cwners using the AIE formula. Results
from the gquestionnaire indicata that there wWera 24 major bakeriss
operating 72 ovens in the pistrict. Total bread production in
the District was 446,700 tons per yaar and total athancl




emissions there were Caiculated as 4.1 tons Per day. Averaqge
emission rates were calculated as 2.5 Ips ethanol per 1000 1hbs
bread produced.

The SCAQMD's Emissions Inventory Unit also attempted to
quantify ethanoil enissions generateg by bread bakeries. Ba=ad on
their report, the total VOC emissions from bakeries in the socuth
Coast Air Bagin was 24472 tons per year or 5.4 tons per day,

2.3.2.5 gurrent stydy. Becausa of increasing regqulatary
Concern for certain constituents emitted in small quantities
{such as acetaldehyde) from bakery owven exhausts and the nesd to
Predict total voo emissions (rather than just ethanel emissjions)
Irocnm common baking parameters, emission data ware gathered.
Sampling and analysis was bevformed using EPA Tes+ Methods 18 (to
quantify total organic carbon) and 2534 (to speciata the

range of yeast concentrations and fermentation times similar tp
the AIB study and representative °f the paking industry, a
multiple step-wise linear TEOressSion was performed on the procags
parameters and emission rates. The resulting data is summarized
in Appendix B, ang indicates that total VOC from bakery gvens can
best be described ag:

VoC E.F. = 0.93Y;, + 0.195¢. - ﬂ.SlS---D.BEt,+—l;9q
where |
¥oC Z.F. = pounds VOO per fton of baked brzag
¥, = Initial pakar's Percent of yeast to the naarest tenth
cf a percent
L = total yeast actigp time in Nours to the naarest tenth
of an hour

3 = final {spike} baker'g Percent of ysaast to the Hearase
Tanth of 3 Percant



t, = splking time in hours to the nearest tenth of an
hour

Rlthough it appears that by changing a bread formula and
increasing the ameunt of final yeast (S), it would be possible to
obtain low of even a hegative wvalue for VOC emission estimatea, a
product of high guality would not be produced.® Where ne final
yeast is added, the formula condenses to:

voc E.F. = 0,95% + 0.195t, + 1.90

This predictive eguation can be used for guantifying vocC
emisslons from bakery ovena. A baker XKnows the yeast
concentrationas and yeast action times Lor each variety baked,
Those values can be insarted into this equation and pounds of VOC
per ton of bread baked can be calculated. This number is
multiplied by the tons of braad baked during a given time period,
and the product is pounds of VOC emitted from the oven for that
particular product for the given time pericd (typically per

yaear}. The following eguation demonstrates this calculation:

VOC Emiesions tonsfyr = VOO E.F. % BP x k
where
VOC E.F. = lbs VOO anissions/ton of bread produced
BP = bread production in tons/yr '
k = converslion constant (ten/20001b)

2.3.2.6 COther Studiea. Nunerous other studies of bread

emissions or constituents have been performed but are primarily
qualitative. Thess include Rothe,™ Wiseblatt and Kohn,¥
Hirenaka,”™ El-Samahy,” Makuljukow,”™ Markova,” and others. These
woarks discuss the relative affects of baking parameters su:ﬁ as
procf temperature and baking time on ratics of aldehydesz to
alcohaola and cocther similar relatienships. While of intsarest in



afforts directad at harrowing the range of species for which to
analyze and mininize emissions through process medification,
thase studies relate only slightly to the quantification ang
control of teotal voo emissions freom bakery ovens.

2.4 SUMMARY OF CURRENT AIR EMISSION REGUTATIONS

2.4.1 BAAQMD

BAAQMD in 13989 adopted Requlation s Rule 42 (Appendix D),
effective January 1, 1s92, requiring 90 percent reduction of
ethansl emissions from largs commerciai bakeries. The Fegqulation
exempts chemically leavened baked goods; mizecellaneous bakead
goods such as croutons, miffing, crackers, and breadsticks;
bakeriles Producing less than 104,000 1lbs per day of bread,
aveéraged monthly; and evens emitting less thap 150 1bs per day of
ethanol. ovens cperating before January 1, 1983, are avempt if
they emit no more than 250 1bs per day of ethanol, Emiszions are

estimated using the AIR formila and measured using BAAQMD Method
5T-32. '

2.4.2 SCAQMD

SCAQMD in 199p adopted Rule 1153 - Commercial Bakery avens
regqulating wvoc emissions from bakery ovens with a rated heat
input Capacity of 2 million BTy Per heur or motra (dppendix E).
Tha rule requires ss percent reduction of voc emissions by
July 1, 1992, from pew OVens emitting more thap 20 1bs per day -r
YOC, 95 percent reduction of voc emissions by July 1, 1934, from
avens Eparating beforea January 1, 1591, that emit 100 or mors lhs
of VOC per day, and 70 pPercent reduction of wvoo emissions by July
L, 1393, from ovens Qaperating before January 1, 18921, that am’r
hetwaen-Eﬂ and 100 1lbs voc Per day. Emisgiong are estimateag
using the ATE formula ang Measured using EPA Tast Hethod 25, o¢
SCAQMD Test Method 25.1.
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2.4.3 New Jersey

The State of New Jarsey regulates VOO amissisns from

bakeriee according to the WNew Jersey Administrative Code Title 7
Chapter 27 Subchapter 1&.6 "Source Operations other than Storage
Tanks, Transfars, Open Top Tanks, Surface Cleaners, Surface
Coaters and Graphic Arts Operationz." This rule limits voc
emissions to between 3.5 and 15 lbs per hr. Emissions estimates
and measuremnent are by appraoved methcds.

2.4.4 Other ireas

Several other State and local
of the constituents of bakery oven
approach such as the regulaticon of
the State of wWashington, The Puget
Agency limits ethancl esmissions to

agencies regillate one ar more
emisgions under a general
hazardous air pellutants. In
Sound Air Pollution Contrsol
levels that will not cause

ambient concentrations greater than 6000 ug/m.® Compliance

determination is by ambient modeling. The State of North
Carclina limits acetaldehyde emiggions to levels that will not
cause ambient concentrations grsater than 27 ma/m*. " This type

of standard iz npot known to have been used to require emission

reductions by a control device at a bakery.

2.4.5 Prevention of Significant Heterioration

Areas in attainment with National Ambient Air Quality
Standards (NAARQS) and subject to prevention of significant

detericratieon (PSD) regulations typically svaluate sign!ficant

lncreases in emissions of VOO from

a modificatlon to an awxisting

bakKery or a new bakery (te the extent that either is considared

major PSR source, i.e., 250 tons per year) by using either the

AIB formula or a source test generated at a similar facility.

=
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Under PSD, the leve] of significance is 5 49 tons per year (toy}
increasa.

2.4.6 New Source Review

SOUrca test generated at a Similar facility., uynder HSR, the
level of significance is a 40 tpy incrsase in areas classified ar
marginal or Wcderate, Modifications in aresas classifiad as
Serious, severe, gop eXtreme srae subJect to more Stringent lgvels
for determining a significant emissions incrassa. While pot the
subject of thigs decument, the Epa is developing guidance &5 €o
how this review will ke implemented. The MAJOr SOUrce cutoff for
new escurceos ranges from 100 tons per ¥€ar in an ares classifiad
A5 marginal ozone nonattainment to 1g tons per vear in an area
classified asg extrema ozone honattainment. Saveral Lakeries,
inclnding an eXisting bakery in Atlanta, GA, and a new bakery in
Denvar, PA, have been requiredq =g install voo enission centre)l
devicas ag a resyit ©f NSR regulations.

2.4.7 Monitoring ang Enforceability

Carerfyl record-keeping by any source of aiy emissicns ig
essential to the determination of Cempliance fer that source,
This is Particulariy trye QT VOC scurces sirca the 2zons stzndarsd
related to voc enissions is of short duration Sompared to ather
criteria Pollutants, Contimuays emissicn 2oNnitoring (CEM) is sne
method used te tecord emisgion yates, Hovever, sther
alternativas are availabla thatkmay be lessg urdensome. Theza
include but are Not limited tg Permit limits hageg on verifiaklae
quantities, temperature lncreass acromss Catalysts, Lot wire



thermistors, and various flow=hased alternatives to classical
CEM.
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3.0 VOU EMISETON CONTROL DEVICES

Contrgl technologies guch as theirmal oxidatian, catalytic
oxidation, ecarben adsorptian, sCrubbing, condensatian,
bicfiltratinn, and process changes wera considered for Teducing
VOC emiggions from commercial bakery ovens. Devices under
development o not demonstrated were not considered, although
Some show promise far the futyre,

This chapter describes emission cﬁntrul technigues

centrol technigues to be ev¥aluated in Chaprer 4.0, Thege eontrol
technigues are grouped into two broad categories- combustijion

control devices anpd honcombust ion contrsl devicesg,

3.1 COMBUSTION CONTROL DEVICES

3.1,1 Birect Flame Therms] Oxidatisan

d.1.1.1 cantral Degcription. Direct flame Therma]
oxidation, also called thermal oxidation, is the Brocess of
Durning Qrganic vapors in 8 separata combusticn chamber, ape
type of thermal oxidizer consists of A refractory-linas chamber
Sentaining one or more discrete burners that premix the organic
VEDOr gas atream with the combusticon ajr and any required
Supplenental fue], & second type of oxidizer USeS a plate-type
surner Tiring natural &5 1o preduce a flampe fone through which
the organic Vapor gas stream Passes, Supplementa)] fuel,
generally natural J4=, may ba added to the bakery ovVen exhayst +.
make the mixtura combustible if the @¥en exhaust has g heating
vValue of less than 1.9 MIT/m¥ (50 Btu/ft%),? as i= usually the caga
in Dakery ovens, Supplenenta) fue? Consumption can be Winimized



by installing a heat exchanger te recover heat from the exhaust
gas to preheat the incoming gas.

Thermal oxidizer exhaust gas is mainly carbon dicxide and
water. Good design and operation limit unburned hydrocarbons and
carbon monoxide emissions te very low levels. These dssign
considarations include residence time, temparature, and
turbulence in the oxidizer chamber.

3.1.1.2 Effectiveneszs and Applicability of Thermal! Oxidsticn

to Bakery Ovens. Oxidizers are most effactive at controlling
exhaust atreams with relatively high concentrations of organies.
When the oxidizer temperature is maintained at 870 °C (1600 °F)
and a residence time of Q.75 seconds, over 92 percent of the
unbalogenated organic compounds in the waste stream <an be
converted to carbon dioxide and water.?® Although VOC
concantrations in bakery exhaust can fluctuate, a thermal
oxidizer can be designed to achieve reduction efficiency greater
than 98 percent.’

although sffective at VOC removal, the high cost of
supplamental fual For thermal oxidizZers usually makes some form
- of heat recovery desirable in applications having gas exhaust
with heating values similar to bakery ovens. Thermal oxidation
is a technically feasible but relatively expensive technique for
the control of Vol amissions from hakery avens and was not
avaluated in Chapter 4.

3.1.2 Redenarativa Oxidation

3,1.2.1 contral Descrimtion. Ragenerative %harmal axidation

is a variant of thermal oxidation (see Figurs 3-1). The 1inlet
gas first passes through a hot ceramic bed thersby heating the
strean (and coaling the bked) to its ignition temperature. If ths
desired temperaturs 12 not attainable, 2 small axmount of
auxiliary fuel is addad in the combustion chamber. The hot gases
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then react (releasing energy) in the combustion chamber and while
passing through ancther ceranic bed,'thereby heating it to the
combustion chamber cutlet temperature. The process flows are
than switched, now feeding the inlet stream t¢ the hot bed. This
cyclic process affords very high energy recovery (ap to 98%).

Ragenerative thermal oxidizers are availabhle with either
single or multiple bade. When a single bed is employad, the bed
is used both as a combustion chamber and a regepnerative heat-
racovery exchanger. Combustion of the air pollutant occurs in
the midsection of the single ceramic bed, When the multiple beds
are used, the combustion chamber is separate from the heat
transfer beds and is equipped with a burner to provide
supplemental heat when needed.

3.1.2.2 Effectiveness and Applicability of Regenerative
Oxigigers to Bakerv Ovens. VOC reduction efficiencies greater

than 28 percent are achlevable.® Regenerative oxidizers are a

feasible control technigue for control of VOC from bakery ovens,
zand one is installed at a bakery in the United sStates. The cos+

effectiveness of a regenerative oxidizer ia evaluated in Chapter
4 L]

1.1.3 Catalvtic Oxidatjion

3.1.3.1 control Description. A catalytic oxidizer is

similar te a tharmal oxidizer excenmt that combustion of the
exhaust gas takes place in the prasence of a catalyst (see Figure
3-2). This allows the axidizer to be opesrated at lower
temperatures, ranging from 130 Ta §50°C (500 to 12040 °F),*
gonsequently raducing NO, formatian, supplemental fuel
consumpticn, and associated operating costz. Temperatures below
this range slow the oxidatlon reactions resulting in lower
destruction efficiencies. Temperatures sbove this range can

causa premature catalyst failure. Where catalvytic exidation of
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ethanol recovery, scrubbing is net considered feasible az a
technigque for VOC reduction from bakery ovens.

3.2.3 condangation

3.2.3.1 Control Degeription. Condensation is the proceas by
which pollutants are remeved by cooling the gases below the dew

point of the contaminants, causing them to condense. Two types
of condensation devices arae surface condensers and contact
2ondensars.

Surface condansers are generally of a shell-and-tube design
in which the coeclant (usually water) and vapor phases are
separated by the tube wall and do not contact each ather.

Contact condensers cool vapors hy spraying a relativaly cold
liquid lnto the gas stream. They are generally more efficient,
inexpensive, and flexible than surface condensars, but typically
produce large amounts of wastewater if the condensate cannot be
recycled, and therefores, are not considered appropriate for
bakeries.

3.2.3.2 Effectivegess and applicability of Condensation bo
Bakerv Ovens. Condensing the VOC gas sStream emitted by baking
would require freon-chilled coils to coel a very wet gas stream
from 120 Lo 10 °C (250 to 50 °F). Water would freeze-on tha
colls, jnsulating them, thereby re&ucing the abatement efficiency
of the system. Fats and oils would condense mors readily,
exacerbating any potential sanitation problems in the'ductwnrk.
However, the resulting condensed liguid wenld present a disposal

problem. Condensars ars usually asscoiated with alrflows Less
than 2,000 ft'/min," and most older aovens are operated at
substantially higher airflows. Condensation is net cons.dered =
technically feasibls option for centrolling VOC emissions from
bakeries because most ovens are ocverated at an airflow nigher
than desirable for condensers, tha cost of refrigeration is high,



the walue of the VOC recovered is iow, and the potential for
Wastewater disposal problem is high. Condensers have been not
been demonstrated to be effective VOC control devices on bakery
ovens.

3.2.4 Blofiltrat]

3.2.4.1 Contrel Description. Biofilters are a relativaly
new, unpreven technology, used in Europe for odor contral and in

the United States on processes (such as yeast production) which
discharge gases at near ambiant temperature.® The exhaust streamn
is passad through a bed of seil, which absorbs the organic
compounds. Microorganisms naturally present in the soil break
down the organics into carbon dioxide and water. The beds pust
be monitored and kept damp to prevent cracking or insult to the
microgryganisms. This sysStem appears to have sevearal advantages
not offered by other control optiens. The capital costs are low
encugh to permit the installation of separate beds for each stack
of‘a multi-stack oven. This aveoids any flow-balance problems and
minimizes the expense of additional aucting. Annual aperating
expensess are minimal, and include miner bed maintapnance and
electricity for the exhaust fan only,

3.2.4.2 Eft iveness and Avplicability of Bioflltratian to
Bakeyy Ovens. Berause the gas stream temperature from a bakery
oven 1s higher than the temperature which soil microorganisms can
talerate, biofiltration has not been demonstrated to bs a

feasible ceontrol tacanique f£ar maksrvy avens. Zven i< =n

]
= oaE
- fama o e B

tamperature problem wers sclved by cpaling the gas stream !by
scrubbing, for example), the wastewater and fats =ondensatiog
problems associated with most cooling strategies are significant,
and sufficient space for these soil beds is unavai-able at many
bakeries in the United States, The effectiveness of

blofiltration ag a technique for VOC reducticn Froo bakery ovens

3=9



is not Known. Therefore, biofiltration is not considered in
Chapter 4.

3.2.5 Procegs and Formulation chanqges
i-2.5.1 Control Pescription. The AIR study demonstrated

that shorter fermentation and lower yeast rexrcentages do reduce

the amount of athanol emitted. However, these changes alsc
affect the taste, texture, andg quality of the finished product,
It is not known if conmparable products can be produced using low-
e€thanol formulatiaps.

BY substituting chenmical leavening (baking powder) for the
yeast, bakers can produce bread without any ethanol formation v
emissions. Examples of sych breads ineclude corn bread and Irish
soda bread. However, by eliminating the fermentation reactions,
the chamical leavening procass also prevents formation of the
various agents responsible for the flavors and aromas of
conventional yeast-leavened bread. Chemically leavened breads
have their own distinet flaver which may not be acceptable to
cConsumers as a substityte.

Much research has been done te find ways to enhance the
flavor of bread preparsd with shapt fermentation time,” put nepa
has been successful.'* 3 majer yeast manufacturer is current]y
Lesting an additive intended to shorten fermentation time and
thereby lower vnc emissions, ™ but initial testg nave not provided
consistently acceptanie products .,

3.2.5.2 Effectiveness and ApBlicability af Progass ana
fermulation Chargas %5 Dakery ovens. Fracess and fermulacion

changes can be erffactiyve in reducing or nearly eliminating voo
emissiong freom kakery ovens, However, no mcdified veast,
additive, or enzyme that lowers Voo emissiong hag besn
denmenstratad to previde taste gccEptable TS +he bazing industry
and ¢onsumers in the United States. Although furyrs FProspects



are promlaing, process and formulation changes are not currently
feasikle as a means of substantially reducing bakery VOC

enissions.
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4.0 IMPACT ANALYEIS OF ALTEENATIVE CONTEOL TECHNIQUES

This chapter presents the cost effectiveness of various

control strategies based on a set of moadel baking lines. This

appreoach i1dentifies a range of oven sizes and dough formulas
typical for the industry and derives WOC emissiens and the
resulting costs of control for an oven. Of the contreol methods
described in Chapter 3.0, oxidation is the most feasible and
widely used, and the contreol devices selected for cost analysis
are catalytic and regenerative owxidizers. The cost analysis was
performed using the CAQPS Control Cost Manual, Fourth Edition.’
Ezamgla calculaticns are in Appendix C.

Becauss the parameters affecting bakery oven emissions vary,
a range of parameters such as yeast concentration, proofing time,
oven heat input, and air flow were used, and the resulting wvalues
for cost per ton of VQU removed and oven heat input and air flow
are displayed as summary graphs.

4.1 MODEL OVINS AND VOC EMISSIONS

Due to the number cf bakery ovens and wide wvariation in
process parameters affecting emissions, models were used tso
‘represent typical baking lines. The models are net intended to
represent all bakeries, hnor any specific bakery, but rathar to
summarize the range of process parameters encountered at
commer=ial pakeries in currert aperation. Nine differznt =izs
cvens and three different dough formulas were used in the
modeling. This approach provides 27 éifferent recrasentative
rodel baking lines for analysis (ses Table 4-1). The parameters
chosen are optimized in some reéspects and may not reflect the
node of operation of some bakeries. For instance, many bakeries

do not gperate 24 hours per day, their schedulas keing driven by
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TABLE 41. MODEL OVENS
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1 1 5,78 125 1] 183 i) a8 13
1 b F.654 125 a X c] R EL] et
3 4 L1338 12% 1] 1.3 1] 4.4 b
4 L EX L I3s o (-] 0 4.4 ks
3 & 17508 2% ] a3 g LX) kL
) 7 0.0 =25 q |.63 a g 53
7 3 o vl ] 1.83 q 44 L1

1 2 25507 n [+ 163 b L X 5
7 19 Fa k- 135 L] 1.63 a d4 )
I 7 1% 4 as i67 t3a 54 1%
u 1 #5584 F| 0.4 AT i3z 54 L)
12 d 11538 4 ns 557 k.18 14 3
13 3 L ra] o 0% 347 123 id i}
14 B 17,30 4 0§ 567 L34 14 47
I5 7 2,191 4 0.5 5467 138 54 55
16 3 3.0 4 [ %] LE&T [ 38 4 r ]
[ L] 25 052 & a5 58T 138 54 0
1£ n pi L P13 s ¥ § AT t2g 14 |
] 2 §.759 425 n R & 59 m
n 3 £5%4 Ll ] i3 il 59 W
| L] 11,538 LRl ] [ 513 i 49 N
o 5 14,423 425 q LIS 1] Y ]
hE b 17,3 2z Q- 5.1% n R &)
= 7 W9z +33 1 L% b L L M
pal g o 4,25 i 115 .4 A 1]
] 9 FLE 475 o 135 b 6.1 ]
= 14 X2 175 1 5% il i0 i)

1
]

Adname 10 BT orers ang 5000 b prom o

Emitmons calouyired fom P formula

4-2



oxders, holidays, and seasanal variations. In the case of
bakeries operating laess than 24 hours per day, the decrease in
hours meane a decrease in emissions, but since the control deviee
need not ba operated when the oven is not baking, fual and other
operating <¢osts are also reduced. sSelection of the bakery
proc=es parameters is discussed helow.

4.1.1 ¥YQC Emission Factors

In the absence of spacific zource tests, the emission of
VOC's from bakery ovens is best descriked by a formula relating
Yeast concentration and total yeast action times {(mixing,
procfing, floor, and fermentation times} to VOC emissions as
dezcribed in Chapter 2.0. According to this study and the aIR
gtudy on bakery oven ethancl emissions,’ parameters such as dough
t¥pe (sponge, =traight, brew), sugar concentration in the dough,
Oven type, and bread type de not appreciably affect vocC
emissions. In this study four bakeries ware tested. The
bakeries were chosen to test a wide variety of products
indicative af the range in the industry. In this model, values
for initial yeast (Y}, total yeast action time (%), final yeast -—
(8), and spiking time (%,} that are known to result in =
marketable pfoduct were chosen. These values raflect the range
of values found in the dough formulas that were tested in this

study and, therefore, represent a reasonable range of the
industry.

4.1.2 Zwen Type and “Mogher of Stacks

Model ovens were assumed to be directly fired bv natural gz
and have only one stack. Because indirectly fired cvens make up
4 small porticn of the known ovens, they ares hot considsrad.
Since the products of combustion would presumably not enter the
contral device in indirectly fired ovens, the flow rate to the



control device for indirectly fired owvens would be lower and the
control device may be smaller, lewering centrol casts, Oven
design (spiral, tunnel, tray) is not thought to affect emission
levels.’

Because adjustments to exhaust stack dampers in a multi-
stack oven will change the ajir flow diatribution and, therefore,
the distribution of emissions frem individual stacks, the need to
treat the exhaust from one or more stacks must be examined an a
cage-by-case bagis.* Such a site=-specific engineering analysis
is beyond the scope of this document. The analysis in this
chapter assumes that each cohtrol technolegy weould redquire an
axhaust system-ducting sufficient stacks in multi-stack ovens
through a singlas plenum to a control device, in order tgo achieve
the required level of emission reducticn. An sstimate for the
increased capital ceost of additional stacks is $40,000 per
stack.®

4.1.3 Qven Hezt Input

Oven ‘heat inputs from 2 to 10 MBtu/hr were selected in
increments of 1 MBtu/hr. This is repressntative of the range of
heat inputs for commercial hakery ovens. This analysis ascumez a
linear ralationship between heat input, oven airflow, and pread
.prnductian, and uses heat lnput as the independent variahle;
however, the physical quantity actually mast affecting control
device cost is airfleow,

4.1.4 Qveqn Operating Time

All ovens were aszsumed to operate Z4 hours per day, five
days a week (6000 hour= pPer year) and reprssent=s common Practica
in the commercial haking industry.



4.1.5 Contrel Devices

Qf the approximately 23 oveng currently controlled, 21 use
catalytic oxidizers, one uses a thermal oxidizer, and one uses a
regeﬁarative oxidizer.” cast effectiveneas analyses were
generated for catalytic and reganerative oxidizers,

4.1.6 Flow Rates

Flow rates are eztimated by the same mathematical model usad
by the SCAQMD.*® Flow rates are calculated as a functian of heat
input. BRssuming 7.37 1b air used in combusting 10,000 Btu of
natural gas, 110 percent theoretical air as supplied, 0.080% 1b
air per cubic feet,’ and adding the resulting value to the 10
percent moisture® potentially evaporated from the white bread
deugh, flow rates can be calculated.” The percent moisture loss
will vary for other products. The values 50 derived were doubled
to compenzate for the increase in temperature and moisture.

4.1.7 Bread Progduction

Braad producticn is assumed to ke a linear functieon of heat

input, The common design value of 520 Btu per pound of bread is
used” (see Table 4-1).

4.1.2 Destructian Efficiency

A destruction sfficiency af 33 FEr cant iz assumed,
consistent with EPA pelicy.™ The EPR Policy maintains that og
percant destruction efficiency is reasonable for oxidation based
on the results of emission tests at inclnerators in several
industries. certain existing control devices may have keen
designed for a lower control efficiency, such as 95 per cent,

State or local agencies considering control of bake=ry voe



emissions should consider alleowing facilities %o continue +o uze
these devices rather than requiring immediate replacenent.

4.2 COSTING METHODOLOGY GENERAL ASSUMPTIONS

The following assumptions were made in estimating eontrol
costs:

* All costs are prasented in 1991 dollars;

* The factor method usad is nominally accurate to within
t 30 per cent;

" The site is readily accessible by rail or road:

* Control devices are dedicated to single ovens (one
oxidizer per sven);

* Coste of combining multiple stacks ars not inecluded;

* There is no salvage value for the ysed contral aquipment
at the and of its service life;

* No site preparation eor civil engineering cost other thap
the amount allowed by the OAQPS Control Cost Manual i=
included (site-specific costs such as reoof reinforcement

Ci= neot included); and

* Utilities are available at the site,

4.2 COST ANALYSIS

Tables 4-2a and 1-2b summarize the Parameters, total capital
investment, utility costs, and total annual cest uszad in the coxgt
analyses for catalytic and regenerative axidization,

4.4 COST EFFECTIVENESS

Tables 4-3a and 4-3bh summarize the cost-effectiveness of
catalytic and regenerative oxidation as control technelogiss for
hakeries. As reflected in the tahles, the tzchneologies wecome
‘mere cost-effective ag the siza of the oven increases. The coss
of centrcl decreases Der tnn'uf VOC remcved and per pound cf
bread produced as the aven zize {and therefore, Productian
capacity) increases.

Figurea 4-1 and 4-2 graphically summarize the relative cost-
effectiveness of catalytic and regenarative oxidation. The
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_TABLE 4-22_COST OF CATALYTIC OXIDATION®

Tutal Capital Tutal
Cae [nvestment Marural Gas Usage Electricity Usage Annuaj Cost
Na. (£} (scfim)  (BAT) (kWhivr)  (Shr) (3h)
1 584,000 1.3 $1.800 11,000 2700 $36,000
rl 3106000 253 32700 16,500 %1000 342,000
3 $124,000 A0 53,600 22000 %1300 547 000
4 140,000 18 34,500 27600 51,600 852,000
5 $155.000 446 35400 33,100 $2.,000 £56,000
& $ 165,000 5} %6700 33600 $2300 §60,000
7 $132.000 6.1  §7.200 44,100 £2.600 $a3,000
2 194,000 6.4 $8.[00 49,600  £2,900 S58,000)
9 $206,000 76 E9.000 35,100 3,300 $72,000
10 $84,000 1.2 31,400 11,000 3700 $38,000
11 1106000 L8 $2,100 16500  $1 000 241,000
12 §124,000 231 52,800 22,000 £1.300 545,000
13 5140000 15 83500 27500 £1,500 $at.ooo
14 MIRLELLY 35 $4200 B0 11000 355,000
15 $169,000 4] 54900 33000 82,300 152,000
16 $132,000 4.7  B5500 A 100 32500 Ea3,000
7 594,000 33 $6300 49,600 $2.%00 67,000
13 $206,000 ig 57000 35,100 33,300 $70,000
19 $84,000 07 ER00 1,000 500 535,000
20 $106,000 2.5 L1060 be Al 1000 40,000
21 124,000 12 51500 2,000 %1300 450U
22 $140,000 1.3 81800 27,500 51,600 49,000
21 $155.000 L2 E2.200 J3.000 31,900 553,000
24 £162,000 12 72600 38500 52300 §37,000
Pl $182,000 25 32900 S 1L I VTR Sad 00N
i Ei94 000 22 5500 43,500 £2.900 a4 000
7 2015200 I 23700 35,000 83200 567,-31‘1(}__

* Costz in this table are i 1988 dollars, Tol -C_apitai Loveuiment san be mu

For updaung Total Annual Costs, current utijity rares

corretiun applied, Tne additional cost for more thag
iz cost wanld be bascd on aven sice and other
per stack can be used This would transiate @ an anconl enst of

of §.1628 and would equal 5§ 517.00.

biplied by 1.6 1o rezleat 1992 doilary,

shuuid be verified with utlity vompanies and the appropriate
une stack has NOT bevn used in this ealeuiation. Although

filg-speciic characteristion, an incpease

in capita] cost of Lan a0

$40,0C0 multiplied by a vapital recovery factor (ORI



TABLE 4-2b. COST OF XEGENERATIVE ONTDATION

Tolal Capital Total
Casg Invastigenl Haturu] Gas Usage Electricity TTeqge Annual Cagt
Na. (%) (sefm)  (S/vr) (KWhAT)  (3hm (8]

1 $197,000 4.4 55,200 10,060 3660 572,000
2 $21%,000 .6 37.500 15,100 £900 834,000
3 $234,000 8.7 10,400 0,060 §1,200 $83,003
4 243,000 109 $13,000 25100 81,560 291,00
5 $259,000 1.l 515,600 30,100 $1.200 . 396,000
5 $270,000 15.3 $18.200 35,100 §2,100 $101,000
7 $279,000 17.5 20, 700 90,200 52,400 $ 106,000
¥ $287,000 197 $23,300 45200 $2700 $1305,000
g 295,000 L8 325500 0,200 $3.000 $115,000
10 $147,000 40 $4,800 10,000 $500 571,000
11 3218400 5.0 $7.200 15, k) 9900 375500
12 $234,000 %.0 54,500 20,100 51,200 §84,000
13 $248 100 104 $10,300 25000 81,500 $30,000
14 $259 000 1z1 514,300 30,100 51,300 135 a0
14 $264,000 ia.l $14,700 35100 §2.100 09,000
16 $279.000 16.1 319,100 AN 52,400 $102,000
17 287,000 12.1 S21.360 - - 45200 €270 T S1OR.0A0
% 1295000 0.1 $13,500) 0200 §3.000 $1:3,000
19 157,000 - 33 34,140 10,000 3600 $71,000
20 £212,000 44 56,200 15,000 5900 577,000
i 3234,000 .9 38,2 20,000 §1.300 383,000
22 $248,000 3.6 510,300 25,000 31,300 588,000
23 $259,000 10.1 $12,200 30,100 $1.800 £93,000
24 326,006 12.] $14,400 35000 52000 $97,000
L $279,000 138 $15.400 SO100  §2,300 8101200
% 287 500 15.5 $58,500 45,100 42500 $105.000
17 3295 000 173 %20, 500 0100 53,000 3109 000

" Casts ig his table are in 1977 dollare, Tawm, Capidal Investment can be muitiplied by 1 06 o retleet {902
doilars. Forupdsting Tulsl Annnaj Costs, current wility rates should be verified with utility connpanica
and the apprepriste correction applisad. The additionai eest far more tan ane stack has MOT een
used in this caloulation. Althaugh this cost wanid be bsed unm gver =ize and other Lie-gnecife
charguicristics, an increass in capital cost uf 340,000 per stack can be wsed. This would transtule to an
annual cost of $90,000 multiplisd by a cagital reeovery factor (CREY of 0, 0628 2nd wanld equul 28 3132.00.

=%



TABLE 4-3a. 'l'_"l'-JST EFFECTIVENESS OF CATALYTIC OXIDATION AT BAKERY []VPZNS_“

Cagm Wi Crmissions VO Reduetions Aread Producszion Cost Effactiveness
Na. (rovi'yr) " {lons'year) (Ibévr) {$ton VOO 151 hread)
] ] 13 12 11,538,000 $2.945 0.0031
5 e T o g a0 T mom U o
3 25 25 23,076,000 51313 0.0020
! az il 2B 245004 £1,684 ILTEN |
5 3K 37 34 416,060 £1.524 0.0016
8 44 0 40.384,000 $1,40d T E
7 51 9 45.154.000 $1.311 0.0014
3 57 55 51,524,000 $1.2%6 00013
g 83 52 57 402,000 BLIT3 . 00013
- _. . . . . .

L o . _ ..
10 187 5 11,538,000 $2.364 0.0031
11 ~ zF 3 17 30%,000 $1.819 4.0024
12 31 30 23,476,000 51,526 0.0020
13 39 kb3 - 28 846,000 $1.340 00018
14 47 45 3 616,000 $1.210 B0 15
15 35 13 40,354 000 S1.113 B 15
16 &z 61 45,154,000 51.037 h0014
17 e 68 51,024,000 £a7¢ L0433
E 73 5 57,592, 14¥) 073 0.0002

19 20 30 11.68.000 $1,707 0.0031
20 30 21 17,304,000 $1.372 09,0025
21 an 9 23 076,000 1145 0010
22 £ a9 23.3396.500 $1,001 00017
23 ) 50 4 616,000 L0441 O
24 o 69 30,384,000 52 e
25 iy 74 EENET Kileh) wire) [RNH S
2 M 73 11534 000 5T noge
. L o8 27,692,000 581 T E

B - P Y
Culigsions caleuiaged frem predictive formula.



TABLE 4-3h, COST EFFECTIVENESS OF REGENERATIVE OXIDATION AT BAKERY OVI

Cow  VOCEmesions | YOO Rt Brad | Con o
Na. {tonsivr) * {tonsfyaar) (Prod. Ib/yry (34on VOO (5B bread)
1 13 12 11,538,000 £5,831  0.0062
P 15 18 17,308,000 $4186 0,004
3 25 25 33,076,000 L E3457 o037
4 32 31 28,346,000 $2.94% (0031
5 18 37 34,616,000 $2.599  Do038
5w T e 403820000 T TRasit poozs
7 P 49 46,154,000 $2146 00023
3 57 55 51,924,000 $1.9% 00021
9 & 62 57,692,000 C o SLEER o000
1% 16 15 11,538,000 $4,707 0.0062
11 13 23 17,308,000 €344+  0.0045
B o D60 mmy ogon
13 39 ) 1z 28,346,000 52367 00031
14 47 45 14,618,000 £2,083  0.0027
15 53 53 40,384,000 SLETS  Q.0025
16 62 51 46,154,000 SL715 00023
1 70 68 31,924,000 $1,585  ooo2]
18 8 75 57,692,000 SL4%6  0.0020
19 20 20 11,538,000 $3.602  0.0060
0 3 S 1T30R000 sps37 pooss
Car w7 19 23,076,000 2113 0003e
22 5 49 28,846,000 $1.794  p.003)
13 &0 53 14,516,000 51,575 0.0075
% 70 69 40,384 000 SL414 0.0
A f0 T 45,154,000 oy el ¥ nonzz
26 90 8 51,924,000 SL.193 0020
77 100 8 57.692 000 U114 .0019
S L — 3

Emissious calculared from prediciive formuia
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ninimum, average, and maximum cost per ton of VOO removed is

labeled on each graph. These cost-effectiveness curves zan be
usad Lo =2valuate the cost of VOC removal for an individual oven,

Because it is rare that an oven is dedicated exclusively to
the baking of one product, the VOC emissions for each product

typically baked in
individual product
production tonnage

emissions from the

an individual oven must be estimated, Thassa
estimates are multiplied by their annual
and then summed to reflect actyal total
oven. This sum should then be divided by the

sum of the Individual annual production tonnages., This gquotient
is in pounds of VOC emissions pey ton of bread., TFor example:

(4.4 1lb/ton) (1oco
(£.4 1lbfton) (2000
(7.0 lb/%cn) {5000

tons/year) = 4400 lh/yr
tons/year) .= 10800 lb/yr
tons/vear) = 15004 lbh/vr

(a0aq

tons/yveaar) 50200 lb/yr = 25 tonsjyr

(50200 lb/yr)/ (8000 tons/yr) = 6.3 lb/ton

d=13
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IABLES REFERENCED IN SECTION 2.1 - INDUSTRY DESCRIBTION
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Table A-3. Plants By Bakery Type, Region and State"

T - e — e
Cookie &
Region Gri:u:n_ar‘,»r Multi-l._lnit Cracker/
Whalesare Chain Aetaii Frozen Food Total

Nospikasii e T e \
Connecticut 0 B 3s
Dist. of + 1 2 0 9
Calumbia
Maina 17 0 o 1 18
Massachusetts B4 2 12 17 85
New 7 Q 1 1 g
Hampshirg
New Jersey 8O e . 8 30 118 _
MNew York 169 1 149 23 218
Pennsyivania 123 1 16 36 176
Rhode igland 12 0 0 1 13

| Vermont 5 0 0 2 7
Total 439 5 63 | 122 691
Minois a1 3 16 30 140
indiana 31 3 4 18 56
lowa 15 0 2 4 21
Michigan 56 5 16 10 a8
Minnesota i 31 3 7 9 50

| Missouri 27 2 2 7 38
Ohio 86 5 18 25 114 |
Wisconsin 38 5 10 10 63 J
Tatal 355 26 75 122 5§78 1




Table A-3 feontinued)

Cookie &
Grocery Muiti-Unit Crackery
Heginn Wholzsale Chﬂln Retail Frnzen and Total
EraeeeeEeaeeeeamee
Alabama 14 0 0 3 17
Arkansas 13 1 o 6 20
Delaware 2 0 0 0 2
Flarida 73 1 4 13 91 )
Georgia 29 0 3 18 51
Kentucky 6 c 2 o 14
Louisiana 17 0 3 1 21
Maryiand I 2 8 4 45
| Mississippi 6 2 0 1 5
North Carolina 32 0 3 11 46
South Caralina 8 Q 1 4 13 |
Tennesses 28 0 5 11 44
Virginia 32 1 2 8 41
West Virginia 5 0 1 2 g 7
Total 297 32 a7 423 :
SOUTHWEST I Cort
Arizona 1 0 29
New Mexico B 0 1 3 10
Oklanoma 13 s 2 18
Texas g7 5 5 25 123
Torai 137 8 L) 34 180 .

A=12




Table A-3 {comtinuad)

Cookie &
Grocery Multi-Unit Cracker/
Region Whalesale Chain Retail Frﬂzen Fn-:.-d Totat
%? SNI: ‘F&““‘EEELE v;;;y;« giffﬁif”{%*Egiggﬁgygsﬂﬂiﬁif';y:m?;;m;,_si L EEL T b :
PLRAINS it i i iR
Colorado 21 1 1 & 29
Kansas 14 2 0 4 20
Montana 2 8] ¢ 1 3
MNebraska 10 g 1 2 13
Naorth Dakata 3] 0 1 2 3
South Dakota 4 0 i 1
Utah 17 2 3 B 28
Total s 5 3 Lx) 22 710
wess T
| Alaska 5 1 0 0 8
California 212 g 2B 65 312
Hawvvaii 20 # 3 8 29
idano Q G a4
Nevada 8 G 0 o
Qregon 26 1 4 [T R 41
Washingtor; 32 1 3 44
Totaf s07 12 36 g0 a XX 4
i | ]
i i Cookie &
Grocery Mul+i-Unijc Cracker/
Region Whoigsale Chain Retail Frazen Food | Totai
" Puerto Rico 3 QO 2 6 11
N Canada 154 2 9 34 188
fotal no, of 71.820 63 235 5718 2,636
plants
‘Gorman Publiisning. Garman Hed Boax, 1827, Chiog Q. ~ebruary 1650 N, Sdig.






APPENDIX B

BARERY OVEN TEST RESULTS
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AFPENDIY C

EXAMPLFE CALCULATIONS OF COST ANALYSIS






DAQFS Can o5t Analysis for Cagal nefnarators

Section 3.4.1 - Steps Common to Regenerative and Catalytic Units

Seep 1. Estubiich Dsaign Spocifications

Enter tha fellawing dats surroepanding 1o tho wasts qus

Volumetric Flow Rata, sufin {77 dagrans F, 1 atm) 447 Q0

Twmipargturd, oravteacer infol, Tt 10800

(Aseuma balange vaygen compn sl gang

Chamical Campnsition of Cambuntibles

ARTE NOrTeg Herd 2> aitvanol 1.935.04
acatalgmirye 1239

Haatrng Yaluw af Comaiystiblos

srhanal 2.407.00
Acsialdeh pde I,143.00
Enatar Anves par yeur of aearation B.000.00

Entor the fellowing dats spocific o The incinarmior"

Datired Canirg) Effoency thest to gssume =084 0.98
FOMBUSTen Charfimr CDuitat Tamporaturg TO2.00
Degsired Percant Enncgy Aocovery, decimay oz

{choass: Q, 035, Q.2Q, or 070}

Step Z. Werify that the auygoen content of the wasta OAg axcaeds 209,
Aar Cantant = 04 80
Cxygan Canrent = 20.86

Ztep 3, Cuolculate the LEL and the Percent af tha TEL ol the ga= mixturs
frter che LEL of s foldo wing compotmms:

sthamad I3.1=
aCo taldanyds =47
sum ot & 5UR i, j eguals 1 1o n 1.358.33
Lower Explozave Lirmit af the rmixtura squals: 44,.%37.41
Farcant LEL of the mixmure agusls: =1

if greatur than 25%, dilution Air chould be addea
e avoid firo ameuranc e sogylatons

Step 4. Caiculats The volymetns haa: of combugtien of thy wasta gag straam

mear 8f combuasian, athann| 14070
Ao mfaidehypgg 2,143 00
Haat ol carrbustion for the ot is 4.71

Aszumilng wasle 933 i9 principally or (molecouar
weinht 28,97, dansify 00733 iBfecf. then

Haat of combustiam par pound of inoming yas is 53.732

Far sarmbyiic appuicatione The hast ot combustion musr sormally By less
than 10 BT scf ifar ¥0C's in airt.

safim
deg. F

Eprw ploass use Two rmosl combusibis
AP gompounda. It lase than two,
pledsa anter 1'3 ta Aveaid
divisdom by zerp Brrors

nag.dul b sub ¢, BTWisef
rag.delh aub o, BTUset

haurs fyaar

daq, F

Val_ %
pardand

wal My A2.500.00 ppecw
wvol, Y 8. 70000 pprew

apmy
SErCEnT

ITL sc¥
3T sc?

BT et

BTG



Baction 3.4.3 - Steps Specilic 1o Catalytic Units
Stap Se. Eatablish dasired aytlat tampereture of the caralyet bed, Tii

Ertter patalyst bad ourier tamp,
geeuing 300-300 degq. £ For 90-26% destruction afficiansy
maxirmum o, of 1200 deg. F ehould not be exroadad

Etep Be. Caloulate waste gas tumparatura at prehootor gxit

Defina tha following tomperaturas:
Twa, WO strasm lwaving heat axchanger
Twi. wazta gas inlat tenipuroture
Tia, flus tarmperaturs atter haat axchangsr
TH, oatalyet chembar cunsl tamperature
¥ = 10 b colculatad
tharml officiency of haat sxchanger =

Two iy tharafore calculatee 1o ba:
Tio iz tharofore caleyintad o ha:
Erep 7¢. Calculals tha auxiliary fuel requiromane, Qaf
Errter the sugiiamy fusf hegt of cormbustion .
far mathana, use 21,502 BTUMR

alaq for mathara, rho = O.0408 1o, /gcf

Qgf i7 tharafora calouiated to be:
this muyst ba & posithve nuenoar for buemer lama etability

Summary ¢! Vorisble Valuation

Stieamn subscript | rho sub Q sk |
bisef aefm

IN - Eanzible Hoat :

Auvilimry Adr a nlg nia

Sucliery Fual af Pt .76

Waire Gax W 0.0739 427 .00

QUT - Sonmbla Haar

Wasia gtraum h 20730 44T 7D
Erargy Solones around Combuster subscnint
IM - Sangibls Hoat, tho* 3" Cp*Ti-Traf

Auxitiary Ajr a

Wasth Eas wa
JUT - Zansinia Haar

Weets Srregm 4
QUT - Lozaes

ten gargant al tats vnergy inpur

SCMERATION -Heat of Tormbustion, rhe "0 inag.del.h sub o)
Wasts Gag Wo
Anreiliary Fosl af

Step 2=, Varify that auxifiary fuel requirerem will stapiliza burmer flame

Fiva parcant of Total Energy Input equela:
Auadtiary Fual Enargy input squals:

f00.00

10000
200.00

0.7
8000

340,00

21,201.00

.70

Cpm sub |
BT F

nia
ner ysad
0.248

0.24%

438
817

dag. F

dag.
deg.
deg.
dag,

T T

deg. F

dag. F

neg. def. h sulp ¢
sub af, ETUG.

sotm

T sub j
dapg. F

]
rir bar mathane
aGQ. 0K} fhar air

ACO.00  ysyurming
ormarily air

Walus,
BTWraln

FTWirmin
ST U rmin



I¥ Aux. Fusl Enorgy ligut i graater than 5% Totel Energy (ngur,
burnar Flarma should oe etabie.

Step Do EEtimate the inlow tempareture to the catalys| bod, Tri

Tri iz caleulatad 1o pa: §74.31 deg. F

Dalta T {tompacatursy 58 across oatalyst bed] squais: 225.08 dog. F
3tap 1040. Calculgte total volumatnic flaw rato of gas through the wwinerator, Ofi

Flun Gas Fyw Raw, Ofi, equals: 447,70 gefm
Stap 11c. Calculate the woluma af 2aralyet in the oy lulyst bad.

Siven Q¥ and nominal rersidence tima,
cotelyst valume can ba calculaled,

Firgt, wljust Qf 1o pamra=chemical industry QRGO = 422 83 =fm
canventlon of 69 Jeg, F, 1 stmn.

ROUT CACAAVE L SEACE vElucify #1 pllr Mhinuts SO0 i
Prociuws matal caraiyvsis va ry: 18&%.E67 to 1,000 /minuts

Volume of catewsl bed sherefora equals: DLBY cubis Faar

Sectlon 3.5.1 - Estimating Total Capital Invastmant

Scapa of Cost Correlations

Total (Mual
Incinerator Tyoa flow, scfm
Fimad-bad Caralytlu 2,200-50) 00 packagud
Flud-bed Cataiyrie 1,000-2% 400 packauil

It Qfi is outsicle theso parametars fur tha spesifs incinersogr R,
this costing formulation may not be usog,

Seatnon 3.5.1.1  Bauipmant Cocts, EC

Cataiytic Ingrneraccrs

Total flua cas rgte. O 44T 70 seim
heat recovesy tactor 7O nargent
Fixdd-Bad and Manalithic Satalyuc incneraturs
B4 Amcovrry Cowomanr Sest | 20 delta @
gErcanc 19EE dollars n. 'AlaTae
o 131,183 o
3= $44, 727 &
=) 538,513 z
o £4201% 1%
Flutd-Bad Catalytis Incinaraters
Hest Recovany Equipmant Caet | FS dalta P
psrcanch 1322 dellars n. Warar
2 380,710 a
a5 £84,935 &4
S $83,6%4 g
74 392 486 . TE



Sention 2.5.1.2 - Inetallatian Coats
Chooge Equinment Coet basud on Catalytie

Inglnarater type nd Haat Reanvery parcant
Bnc #nater Sate squipmend cest (ECY hare

Section 3.5.2 - Estimating Total Annoal Gast
Sacton 3.5.2.1 - Direct Annual Caxtg

Entar tha gaita P, fized-bed catafytic incinergty -1

Enzar the dalta £, fiuid-bed camlyrs jncinerator (6-10);

Enitar the dfalts P hased on hast recovery)

ifrovm 3.5.1.1, phova
Humber of hours fyear of operetion:
Entor the combinad mator®an efficimrcy fodeodmun:
Enfer the cost par kilavwstr oy of alectrizitg:
Ertar raturuf gas upit costln Licof:

Fixed-Bed:Pawar ifan), in kigwais, adguala
Fluid-Bed: Powes (fank, in kiowattx, squsle

Electricity Toui, %vr, aguals
Annuel Fael Goest:
iMathane assumed to ba combustsr fual)

. Rata of fuel usaga
Anmual Fusl Cost, in 4yr, aquale

Tatal Capiral frvwa fment

2 410

B
g
15

8000
0.6
0.053
Q.0023

1.83
2.

545
3711

0_¥o
1835

Tabie 3-2. page 3-52, BAAPS Conwel Cagt Marual [EFA A50¢3-20.008,

Capital Cast Fectars tar Cavalytic meinoretors

Dirmer Conig
Purzhased Equipmank Zoala
Incinarastor (ECY) ~ auxillary squipraent
InsErumantation
Zalms Tax
Frarght
Burenazed Equipment Cost, 300

Diraer Inzrallation Coxky
Faurdstan and supparts
Hemaling and arselion
Slactrical
Piginyg
nsuangn far ducrwark
Fainting
Ciract Installation Cost

Enter Site Preparstion Casts
Entar Buifcimgs Coses

Votal Direet Sos=t, DG
Indirect Caste {inetailotion)

Enginecrng .
Canstppedion or figld sspansas

344,419
54,441
51,332
52,220

52, 404

ad, 182
87 244
32,998
i1.048
5524
524
315,721

40
30

368,118

15,240
12420

in. Warar
in. Warat
i, Yatar

houralyear

3%Wh
Sizcf

K
R¥¥

pAr Ydar Fiwaa-had
per yeaur Fluid-nad

asfrmy
D&F yaar

January 1990

ua sxhrnarad, A
A oD
A 003
AT
3al,jE* A

4 " 3.04
37014
3 * .04
I*noz
& ' 0.1
3o
g*+230

A9 raquirad, 57
Az raguired, didg,

8% 1.30 + 5P + Zlag,

B3 1o
B'a34%




Cantractar teas 55,240 B " 0.10
Brart-ug £1,048 B " 0.02
Purformaneos tost 5624 B Y O
Canunpgencios 31,8972 B 003
Lt Tots Indivoct Cozt, (€ 41 E.EE =R+ |
Totai Capital Investment =DC + IC 484,370 B ' 161 « SP + Dldg,
I. --/'r

Total Annua| Cost

Tabda 3.10 paga 3-54, OAQPS Contref Cosl Manual (EFA 450/3-30-006, yanuary 1383)
Annual oere for Catalytic Incinaraters

Tatal Capital invastmant {from pravions tabla) 584 370
Coet am Bugpasrad Winit Cogt Catalytic
Factar Flurd-Bad

Diract Annual Costs, DG
Operatng Laknr

Oparator Q.F hrafaneft $12. 08 Naur sd BBl ¢

Suparvinar 15% of cparator . $729 ¢
Dparating mararials . - 50
MWaintenanca

Labur QT Arsishie 5 1& 2EANoUr 35,343 *

Matarial Equals Maint, Labor - #5343 -
Catalyst Repluzpmang Frrary 5 vagre FIARO ey M. irmeisl avida) 3607
Litilitime

Harural Gas, &loof - % 00033 per sct SB35

Blectricity, $itWh - 4 0053 por aWh $BA8  Fixada-hea

Towml Biracr Coet, O 13 378

Indirect Annue Casts, (0 .
Sivvarmegd .. . =Ty parcent of Jum - 574,340
af op_, supv,, & maint,
laker & maint. mar™

Admin, 2harges T " 202 - 31.587
Fropurty taxes TG = 0ot azad L
'msurARcE y TGl = 0.0 . sB44 o
=apitai rAazowery CAF TG - t.38 " 1Car Gaau £13 572 N B
Tatal Ipmliree: Casrs. (0 315 537 RRe .
d
Tola Annusl et TAC = D0 -~ © £3T.I7T amryear %.-,;,-F',

" bAswr] on vaer-oravided hggrsivear of operatian
GRF: Tho capural sscovary Tactor, LAF, .3 @ funcetisn of tha Gatalyst or equipmant life |oppcaily, T ung 10

YeEFE, Fespectvalyl and the apporfunity cost of the capital tie,, interea: rekel, Far axamoie, far o 1€ yrar
. SAUIRFMARE [ite arvd & 10% intarese rate, CRAF = O 1529, -

SE T le 2_{11 (?r F,h,,-., S D

[}
|

e
4
1)
Bl

Lo

1







DAQPS Control Sose Analysis for Ragqanerative |ncineratars

Sactlon 3.4.1 - Steps Commaon to Regenerative and Catalytic Units

Step 1. Establish Geaign Spacificabons
Enter the following data cottesponding o the wosts gos:
Vaodurnetnic Flaw Rate, sofm (77 dogeees F, 1 oom)
. - Tarnpararies, prahdarar inisr, Twr
{Aggums telance oxygan compaogitian)
Chumical Swmiposs tion of Coambostibhes:
antar namas hars —>  arhano!
Bedtaidehyds

Heeting Valus af Combuscibles
wihenos
acelaideftydy

Enlar 1o auvnher of hoawrs/pear af pperetion:

Enmtar tha follow ng date =spacilic ta ths insinatatoe
tasirad Controd Efficiency {best 1o assume = 0_90)
GCombuzinn Chomber Quited Termpsraturs )
Dasirad Perowad Energy Rocavory. Jeoimeld

chopss O, 035, 0,50, 0.74, or 135

Step 2. Yarify that the oxygen centent of tna Wwasta e axcands 207%.
Ajr Contunl =
Dygan Content =

Stap 3. Caicalata tha LEL and the Percent of the LEL af the gas mixtere
Enter the LEL of che foffowdrty cormpounds:
evanal
Acardidel da

wum af & 3B 0, 1 wsuela 1 e 1

Lower Explogive Limit of tha mixtures =quals:
Forgent LEYL of tha mixture aquals:

if grastar then 2%, dilvien ar shoule ba added

to munikd fre insurance reyulutiung

447,00
102.00

1,238.00
1939

1,407.00
2,7143.00

200
0.9

1.500.00
.70

23.40
20.5&

3.2%
3.97

1,2548.33

34,987 41

5.60

Stop 4. Calowisle the valumetne hoat of cembustion of The waste gus sireom

haat of combustion, LA
agaraldanyein

Heax af sambusfion for AR mixilLee 5

Azauming wazta gag ig principary ar imolecualar
weight 25,97, donsity $.0733 tbesat), then

- Heat of carmbusticn par soura of incomirg gos s
3ection 3.4.Z - Steps Spacific (o Ragenerative Units
$t=1: EL Estabhah menaratar apArating Tamparatcre, Ti

aApaAratng Tempacatuce igomb, 2nambor cudet remp}

gap Br Caleuiate AASTA gos tormoeroiune 8t peaneaier oxit

1,447 24
o TR0

4.71

53172

1,500 06

=efm
deg. F

ppmY
ppmy

plaara uga two moat combustibio
comupounds. lf legs tnar tweo,
ploeao ontor 1's Lo aveid

diwistion by Paro arears

neg. del. hsub ¢, BTWsef
ey dele bovalb g BTiNa«f

P year

dag, F

Sl T
parocant

wol, T

woi, 5

PR MW
praareiean b

BT feef
AT exs

g7 Jeaf

g7k

dmg. =

L4500 ooy
A97CL zpmv



Dafina the foils Wing Lomparatures ;

Two, YOI straam leaving heat sxchangar x deg. F
Twei, wasta gag iruar tamparatury 100.00 dog. F
Tio, flua semperature afiar heat sithanger x dag. F
THi. incineracor operating tomperolune 1,600.00 dug, F

. X = o b= zalculatad

thamned efficienny of hoat axchunger = 0.7
Two is therafora =aizyfatad to ba: 1.150.04 deq, F
Tia is theralom gaiculgted to bA: 55000 dag. F

Stop 7t Calzylala tha duxdliary fuaf roguirsrant, Quf

Enter auxiliary fuel hast of combustion 21.502.00 neg. dei. h zub ¢
tar methana, ues 21,502 BTU L suby af, BTUAR.
aleo for methana. rho = 0.0408 |b_fact
Oaf ia thersfora calcylated 10 be; 345 scfm
Bummary of Varlsble Velustizn
Zliresm aubdenprt| rhosullji  Osub|  Cpm gubj T gub
Ibfagt gefm BT EF dey. F
I = Sensitde Feat -
Avuxiliary Ajr a nfa nim nja nia
Auxilisry Fuag| af 0.0=08 3.45 not usad FHOQ  for mathane
Wagta Gas wo 0.0735 447.00 0.25% 118088 for g
SUT - Sensibla Heat
WaeTa gircam fi 0.0733 4E0 45 0285 TeE00.00  mesuning
primarily air
Value,
Energy Balanco around Cumbuszine subxeHpt 2T Wt
IM - Sanstile Haat, rhet Q*CpT-Trart
Auziiory Alr a a
WeTe Gaa W 3,543
AUT - Songibla Hear
Waata Stleam A 12,5574
QLT - Leesas
TR Barcent of Iodal enargy input 1,293
GEMERATION -Hear ot Carpuation, rha ' *tneg.aalh sub =
Wacta i3ag Wi 2108

Alxiliary Fuagl af 4433
atep Bt Verify tmer duxiliary tusl requirsmant will stabiize hurnar fams

Five pereant of ot ENAfgy ‘NBEUF aquuls: 45 ZTLmin
Aumiliary Fuel Sheryy iNOUL gy G329 BT /min

If &ux. Fusd Enaegy trmur 1a aQreatar than =% Totel Eneigy Input,
burraer flama shouic 1a febila,

Stap Br. Calzulate Tatol Yalormetie Elaw rate gt gas Through ncinerarar, 24

Flyr Gae Flow Rats, Qfi, aquale: 45D 45 1ot

Section 3.5.1 - Estimating Totaf Capital invasimant



Scopa of Coet Corrdulions

Foul (fugh
Incinerator Typa flaw, sofm
. Tratnad - vegon. EN0-50, 0040 tigld-eragtad
Tharmal - racup, 10,000-7100,000 packagad

Ii Qfi iz quteida thasa parsmetars for tha apecife incipgratar bype,
this zosting formulatisn may nor ba baed.

ZBactien 3.5.1,1 - Equipment Custy, EC

Ragonerativa Incinarators

Torel Mus gas rata, AR 450,45 setm
hant ragovany factor a7
Heaat Recovary Exuiprmant Cosi, EC dalta P
iparcanth 1385% dollary In. YWatar
443 4073 a
a5 84,749 4
a0 $78,872 3
Mmoo 43EB,221 15
a5 £135 812 3

Eootion 2.5.1.2 . |netallation Cogte
Choces Facipmant Cost basad an Haar

Recoyery prroanT and
Entur bose squioment casl [E0) hare — a103.8aM

Section 2.5.2 - Estimarting Total Annual Cust

Seciron 3.5.2.1 5 Sireet Annual Cast

Erier tha dedia P for 8 regenwanva incinersie (- 4 in, Watar

Eniar tha daits P (based on kwatl recovery) 15 In. ‘Walat
fram A5 1.1, shboval

Murrtsar of hoorsyyeaar of gparation: SU00 hoursyaar

Earar e comdiaey motarfan SFficieey apecimel) s 0.5

Entar taa cast por kiowett rour of slactriciey: 1.053 3kwh

Enter neturai gas wnit costin Yol 00033 afpf

Pawar ilani In kigwatts, souais 1.87 =M

SAnTI Y CaBt, IivF, Anuds 8371 per vear

.Annuul. Fund Caar:

IMathsna aszurmad r se cunbustar acen

Hate od tual ugage 4.45 zcim
Annual Fusl Cosi, in Sy, equals 44,112 oor year

Tatal Tagital Invesmmant

Tahla 3-2, page -5, GAGPS Zoatrel Zasi Manusl IEPA 150/ 90-008, “anuaey 19508
- Capital Lost Factors For Aaganarstive and Satalytic Feineraors

diract Soutg
Puecnayna fcuipmant Cosis




Incinaratar BT + uxiizry suipmant

- IRstrurnontaton
Jvlas Tax
Freight
Purchased Equipmant Cosr, PEC

Cirget Inztallation Casts
Foundatiun and AUpP orts
Handling and arectorn
Elactrical
Fiping
Ineulatfon for ductwarh,
Fainrdng
Ciract natallation Casr

Enttur Site Praparation Cozts:
Enitsr Buwitdings Costs:

Total Diract Zost, OC

Indiract Cogia linetallation)
Engi narri g
Canatrietion or Nald AKpCngas
Caontracter faas
Start-up
Farformances teze
Continganciag
Totul Indiraet Cast, (G

Tatal Capital fnveewrant =0C + IC

Total Annual Coat

Figd.ah
510,387
33,410
15184
$122,3332

£9,787
17,126
#4593
52 497
§1.223
1,223
336,899

:[n}
L1y

$1:539.011

12,233
46,117
$T2.232
1,447
$1.223
3,810
E37.921

196,354

&% Aetingg fag, 4
ATDoe
A 003
A ' 0085
B=t1ig=a

B*o.08
3014
B " &.04
Bronz
B *0.01
BYoM
B " 0.30

As requirgd, 5P
AL raquured, Bidp.

B " 1.30 + 5P + Bldp.

B0
=P Wy o
B *a.10
B * 002
B " oo
B rapa
B+0.31

B 1.61 +3F + RBlg.

Table 3.10 nage 3-54, QAUPS Control Gost Manual {EPA 4Z073-90.008, Januiry 1280)
Annual Toses tor Gagensrativa amd Catalyus Incinanstars

Tatal Sapital Investmane Hrom previciys tahiss

Lot [tam Suggugted
Fanbor
Diraal Snnoal Coxta, DG
Qparating Labar
Oparaior .5 hrsfshiFe
Bupardasor 1=% of aparator

CReratn Pl 1n-ly Al -

o= T T T PR

LEbor 7 & hezishie

Matarial Eoual 1o Mazint, Lasar
Ltihtiax

Matirel Gas, §/aer -

Elecwrcrry, 5&WWh -

Tatei Diract Cagr DT

Indirsct Annual Costs, 10

Cwarkand FiHTy percent af Bum of

3
§

Lmir Qaat

$12 A8 mour

Fl4 I heer

Q.00z3
2.052

C-10

por z=F
pHr kwWwh

194,354

Regenarati-a

4,260
rZB

0

£5. 348
3%, 34R

4,182
$E07

{20875

54770



aparating, wavy., & maint.
1abar & maim. mareniale

. Administrativa gharges TC * Q.02 - $3,438
. Frapercy TAXes Tl * 0. 31,970
Inaurancy TCl = 401 41,970

Capital racovary SAF "TCI 32,084

- Tetal indiract Coxts, IC 340 713
Total Annual Cost, TAD TAC = Dg + & $70,889

! based on user provided hoursiyear of oparation

CRF: Tha capital recowvery fuctor, CAF, ie & funatlan of the sqmpment Kfe [typically 10
yuarsl and {he apportunity nas=: of tho copital li s, iAtAfasT rate). For wxarmple, for 2 130 ynar
soulpment ife wnd o 10% interest rate, CRF = (18248,







APPENDTIX D

BAY ARER AIR QUALITY MANAGEMENT DISTRICT
REGULATTGN 8 RULE 42

LARGE COMMERCIAL BREAD BAKERTES







B-42.140

42101
8-42-11Q
B.42-111
B-42-112
g-42-1143
B-d2-114

8-42-200Q

B-42-2¢1
8.42-202
8-42-203
B-42-204
B-42-205
a-d2- 406
S-42-207

B-52.304
8.42-30%
8-42.302
g-42-303
8-42-304
B=42-400

S-a2-ag1
8-42-a02

g-42-500
3-22-00

g 43501
8-42-602

REGULATION 8
CRGANIC COMPQUNDS
RULE 42
LARGE COMMERCIAL BREAD BAKERIES
INDEX

GEMERAL

Lescription

Examption, Small Bakerias

Examption, Low Emitting Ovens
Examption, Existing Ovens

Examplion, Miscellanaous Sakery Products
Exempticn, Chamically Lesvaned Products

DEFINITIONS

Approved Emission Contral System
Raseline Emissians

Bread

Fermentation Tima

Large Commercial Bread Bakesy
Leaven

Yeast Pereantage

STAMDARDS

lew and Modified Bakary Cvang

Smission Cantral Aequiraments, Naw 2nd Modified Cvans
Emizsion Cantrol Raquiraments, Existing Gvens

D#layed Compliance, Existing Ovens

ADMINISTRATIVE REQUIREMENTS

Compliance Schadule
Delayed Camplianca Schadula

MONITORIMG AND RECSRDS (Met Includec)
MANUAL OF PROCEDURES

Petemmnartion of Emissions
Zmission Caicuanon Procadures

3421

Septembar 20 1505



B-42-100
B-42-101

8-42-110

8-42-114

8-42-112

842113

B-32-114

8.43-200

g.42-201

2-42.202

8-42.203

8-i2.204

REGULATION g
ORGANIC COMPOUNDS
RULE 42
LARGE COMMERCIAL BREAD BAHEHIES

(Adopted September 20, 1983)

GENERAL

Daacription: The purposa of this rule is to limit the emission of Précurssr arganic
campunds from bread cvang st large commarclal bread bakerias _
Exemption, Small Bakaries: This ruie sheil net apply to bakeries whosa total
production af bread, buns, and roils per gperaling day is less thanm a5 .asg kg
{100,004 pounds), averaged over all opgrating days in any one month,

Exemptlon, Low Emitiing Ovens: Ovens demonstrated o the satisfaction of the
APCO to emit less than £8.32 kg {150 pounds) of ethangl per oparating day
averagad over a perlod of one yaar shall be exampt from the requiremants of
Section 8-42-301.

Exemaptian, Existing Ovens: The requiraMents of Segtion 5-42.203 snall pee apply
to ovens, which commencad operation origr ta Jenuary 1, 1588 and which ara
demenstratad to tha satisiaction of the APCO 1o 8mit less than 113.7 kg (250
pounds) of ethanol per cparating day, averaged aver a period of ona year,
Exernpticn, Misceilanecus Bekery Producta:  This rute dees not apply to
equipment psad exclusively for the baking of bakery products other than Eroad,
burs, and rolls. Such preducts ingluds, but are not limited to, muffing, creutons,
Lreadsiicks, and crackass.

Examption, Chamicalty Loavenad Products:  This rule does not apply to
BQuipment used axciusively 1or the baking of bakery products lsaveneg chemieally
in the absance of yeast. .

CEFINITIONS

Approved Emizsicn Contrel Systam! A systerm for aducing emissions of

Procursor grganic compounds ta the atmospRers sonsisting of a eontrol deviea,

which has been approved by tha APCO and which satisies the Cllowing

ganditigns:

2011 The control device sha)l achiave the sontol efficency :peciiee n e
applicable stangargs secton af gl tmes during nomal aperation of the

- equipment being contralled.

2012 The coilection Sysiem shall vent aii extaust rom the oven stack or stacws to
the contrgl davica dunng rRermal Jperataon,

Sesailng Zmissiorns: The avarage amounl 91 aracursar arganic omprunes

2Miad per sperating S8y TOM an oven Detween =21uary 1, “S82 and Decemoer

31, 19598, Emigsions shall be caleyiatad in acmordancs witn Secticn §-42.607,

Bread: A perisnabie loodstut prepared Yrom 2 dough whose orimary ngredients

are Mour. sugsr, sait, werer, and yesst and which 5 taked into Igaves, tans, or

redls.

Fermeniation Time: Elapsad time Tetvesn adding veast 1o the acugh or spgnge

and placing the loaves ints the aven, sxorsdted in hours.

8-42.3 Zpomemess 20, 1888
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Large Commarclal Hread Bakary: Ary bakery praducing mora than 45,454 (s
(100,000 paunds) of breads, buns, and rolls per day.

Lesver; To raise & dough by causing gas to thoraugnly permeate 4.

Yea#! Percantage: Psunds of yeast Par fundred pounds of tolal recoe flour,
expressed as a percgntags.

STANDARDS

New and Medifled Bakery Ovens: Effactive daniary 1, 1989, a person subject to

this rute shall not operate the fallowing equipment unless the requirgments of

Section B-42-302 are met;

3011 Any nawiy constructed gvmn commenszing operatian after January -, 1984,

3012 Any newly constructed gwan feplacing an existing oven and commencing
Qporation after January 1, 1889,

3M.3 Any existing oven which has been modifiad. with medificatians complsten
afer January 1, 1989, at a cost excaading 0% of replacamsnt cost of the
v,

A01.4 Any oven with a change in production atter January 1, 1985, resuiting in an
BMmission increase, averaged over & 30 day peried, of 68.2 kg (150 pounds)

. Peroperating day above the baseline amissions.

Emisalan Control Requlirementis, New snd Modi|ed Qvane: Al new ang

modified gvens shall be raquired ¢ vert all emissions to an approved amissicn

contrel system capable of reducing emissions of pracyursar Qrganic compeounds by

D% on a mass basis, -

Emisgsion Caniral Aequlremants, Existing Gvens: Effectiva Jenuary 1, 1582 all

existing ovans which commencad cperalion prior 10 January 1, 1985, shall be

requirad b vant amissions to a control Systam masling the following standards:

303.7 Emission collestion sysiern snall capture al! amissicns of Precursss orga-ic
S0Mpounds from all ocwen stacks.

303.2 Collected amigsions shail ba verited to an appreved emission control device
which has a destruction aificiency of at least 80% on a mass basis.

Datayed Compilancs, Exlating Ovens: in lisu of Somolying with tha requiremants

ot Section 3-42-303, an applicant may slact to replaca thase ovens subject o

Seclion 3-42-303 with naw avens maeting the requirements of Ssction 342-302 oy

January 1, 1994, Such eection must be rnada Dy January 1, 1991, subject o

approval of the APGCO. In EPRrViNg such an algction, the APCO may ‘Aquire the

Dosling of a bord and may Impose permil conditions on the axisting subjes! avens

in arder 13 assure cOMDizNce with the January 1, | 5G4 installation of new ovens.

ADMINISTRATIVE REQUIAEMENTS

Compllance Schaduls: Afy Derscn subiact io tne reguiremaents af Sac¥oa 5-Lo.
303 of this rule shail «UMply with The fallawing incramants of progress:
i By January 4. 1980: Submit a SAWS eOOT Y Mg APCC stating the actizns

dnger corsiderarion for eIrsiting ar r3oiacng BEisting Juang.

w012 oy wanuary 1, 1991:; Submi a plan dgseriting he mathgcs propossd [C he
used to comply with 8-42.302.

401.3 By March 37, 1991 Submit a “imcieted applicanon ‘Ge any Authoring g
Construct necessary to campiy with these ranuiraments.

401.4 By Jauary 1, 1252 Be in full compliznes with alf apolicable reguIraments,

Delayed Compiiancs Schedyie: Ady Derson samking tg CoOMpy with s uie

urider Section 8-42-304 shall Campiy with the folcwang increments of o-ogress:

402.7 8v Januawy 1, 1591 Submit & olan dascribing the methods oronosed o oe
UsEd 1D COMpy with 8-42-302

F—a2-g Septemiger 26 1989
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4022 By January 1, 1992° Submit 1o the APCO a statis reppd on the purchase of
the new ovans.

402.3 By January 1, 1983 Suomil a completed apolication for any, AUtarty to
Construct necessary 10 compiy with ihesa requirermants.

4024 By January 1, 1984: B in fufl compliancs with afl applicable FEQUIremants,

MANUAL OF PROCEDURES

Detarmination of Emisalons: Emgsions of drganics shall pa measured a4
prescribed in the Manuai of Procedures, Source Tast Procedure 3T-32.

Emisslon Caleulation Procedures: |f BMISSion measurements condyuctad in
accordance with Section 8-42-607 are net available for a specilic bakery product.
oven emisstons shall e calculated ysing the amigsion factors in Tahle 1.

TABLEI
Pounds VOCAon vt Pounds VOC ton
bakery product bakery product’

B488 16.0 75176
1.0711 155 7.7
1.25334 1tD T.aG22
1.5157 175 8.1845
1.7380 180 8.4068
1.3€03 - 18.% 8.0291
2.1826 189.0 2.8314
4043 145 9.0737
26272 20.0 9.3853
2.8495 25 3.5182
30718 21.0 97405
3.2%41 215 3.9628
51683 20 1Q.1851
37088 225 10.4074
<.8609 23.0 10,6297
41832 23.5 T 108520
44055 240 11,0742
46278 24.5 11,2866
4.85M1 250 11.5188
S0724 255 11,7412
5.2047 E0 17,3635
55170 285 12857
5.7383 75 12,4080
3.59618 275 126302
5.1839 2B.0 12.852€6
84051 28.5 13.07ag
B.5254 2o e e
5.85Q07 29K 13.5195
1.0750 30.0 137418

7.2853

Y1 = {yeast percentage] * itermentation e},
Tyeast's added in 2 steps. Yt = IGinitiai vesst percantage) * ftota’ fermentation time) +
[FRmaming ymast Jargartags) * (rRmzinvng fermentation tima;).
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(Adopted January 4, 1991)

RULE 1153, COMMERCIAL BAKERY OVENS

{a)

(b)

Applicability

This rule controls volatile organic compouad (VOC) emissions from commercial
bakery ovens with a rated heat input capacity of 2 million BTU per hour or more
and with an average daily emission of 50 pounds or more of VQC,

Drefinitions
For the purpose of this rule the following definitions shall apply:

(1)

(2)

(3)

3

AVERAGE DAILY EMISSIONS is the product of the tutal calendar
year cmissions (in tons/year) divided by the nnmber of days the oven was
emplayed for production during that year.

BAKERY OVEN is an oven for baling bread or any other yeast icavened
products by convection

BASE YEAR is the calendar 1989 or any subsequent calendar vear in
which the average daily emissions are 50 pounds or more per day.
EMISSIONS are any VOC formed and teleased from the oven as a result
of the fermentation and baking prnce.ssés of yeast Jeavened products.
EXEMFT COMPOUNDS are any of the following compounds which
have besn determined to be non-precursors of ozone:

(A)  Group I {General)
chlorodifinoromethane {HCFC-22)
dichlorowiflyoroethane (FICFC-123)
terrafiucroethane (FEFC-134a)
dichloroflueroethane (HCFC-141b)
chlorediflueroethane (HCFC-142b)

(B} Group I ([Under Raview)
methyiene chigrida
1,1.3-tnechioroethane (methy: chloroform)
riflueromethane (FC23)
trichlorotrifluoroethane (CFC-113)
dicklorodifluoromethane (CFC-12)
trichlorofluoromethana (CFC-11)
dichlorotealfuorosthane (CFC-114)
chloropentafiuoroethane (CFC-115)



Rule 1153 {Cont.) (Adopted January 4, 1991)

()

(d)

(6)
)

&)
(9

(10)

The Group II compounds may have restrictions on their use becausa they
are toxic or potentially toxie, or upper-atmosphere ozone deplatars, or
cause other envirpnmental fmpacts. The District Board has adopted a
policy which states that chlorofluoracarbons (CFC) will be phased out at
the earliest practicable date on or befors 1997,

EXISTING OVEN is an oven that was constructed and commenced
aperation prior to January 1, 1991,

FERMENTATION TIME is the elapsed time berween adding veast td
the dough or sponge and placing it into the oven, expressed in hours.
LEAVEN is 1o raise a dough by causing gas to permeate it.

VOLATILE ORGANIC COMPOLINDS (VOC) is any volatile chemical
cempound that contains the ¢lement of carbon compound, excleding
carber monoxide, carbon dioxide, carbonic acid, metailic carbides or
carbonates, methane, and cxempt compounds.

YEAST PERCENTAGE is the pounds of yeast per hundred pounds of
total recipe flour, expressed as a pei‘cénmgc.

Requirements

(1)

(2}

No person shall operate an existing bakery oven unless VOC emissions

are reduced by at least:

(A) 70 percent (by weight) for an oven with a base year average daily
VOUC cmissions of 50 pounds or more, but less than 100 pounds,

(B) 95 percent by weight for an oven with a base year average daily
VOC emissions of 100 pounds ar more.

No person shall operate a new bakery oven unless VOC emissions are

- reduced by at leas: 95 percent by weight if the unconirolled average daily

YOC emissions are 30 pounds er more.

Compliancs Schedule
No person shall operate a bakery oven subject to thiz rule uniess the following
increments of progress are met;

(1)

For hakery ovens subject o subparagraph {¢)(1)(A):
(A) By January 1, 1992, submit required applicaticns for permits to
construct and operate,

11583.2



Rule 1153 {Cont.) {Adopted January 4, 1991)

(e)

ity

(B} By July 1, 1993, demonstrate compliance with subparagraph
()(1)(A).
(2)  For bakery ovens subject to subparagraph (¢)(1)(B):
(A} By Jamuary 1, 1993, submit required applications for permits to
construet and operate,
(B) By July 1, 1994, demonstrate compliance with subparagraph
{eX1)(E).
(3)  For bakery ovens subject to subparagraph (c)(2) be in compliance by
July 1, 1992 or by the date of installation, whichever is later,

Alternate Compliance Schedule _
The subparagraph (d)(1) and (d)}(2) compliance deadlines may be posiponed by
one year if the owner of a bakery oven elects to replace the existing oven with 2
uvew one. Such election must be made by January 1, 1992 via a compliance plan
submitted to, and subject to approval of, the Exeentive Officer or his designes,
In approving such an zlection, the Executive Officer may impose interim
conditicns or control measures on the existing oven in order 1o assure
compliance pending the installation or canstruction of the new, replacement
OvE.

Exemprions

The provisions of paragraphs (c) and (d) do not apply to any existing bakery
oven that emits less than 50 pounds of VOC per operating day on an
ancontrotled basis. Daily VOC emissions shall be determined according o the
caiculation procedures of Attachment A, or ageording ta any tes: methods

" specified in paragraph (h).

Racordkesping Requirements

Ay person operating a bakery oven subject to this ruie and iaiming az
exempton under paragraph (f) shall maintain a daily record of operations,
including, but mot limited to, the amount of raw material pracessed, veast
percentage, fermentation time, and the type of prodoct baked. Such records

shall be retained in the owner's ar operator's flles for & peried af not less than
wo years,



Rule 1153 {Cont,) {(Adopted Yanuary 4, 1991)

(h)  Test Methods

EPA Test Method 25, or SCAQMD Test Method 25.1, or any other method

determined to be cquivalent and approved by the Executive Officer or his
designee, may be used to determine compliance with this ruie.

1153 -4



Rule 1153 {Cont.)
ATTACHMENT A
Yt Pounds VOC/ton Yt
Bakery Product —_
1.0 0.5488 16.0
15 1.0711 168.5
20 12934 17.0
5. 1.5157 175
3.0 1.7330 18.0
35 1.%6G3 185
4.0 2.1826 19.0
45 2.4049 19.5
50 2.6272 20.0
55 2.5495 20.5
6.0 3.0718 21.0
65 2841 2138
7.0 35163 220
7.5 3.7386 225
8.0 3.%609 23.0
85 4.1832 235
9.1 d.4055 240
- 9.5 4.6278 245
10.0 4 8501 25.0
10.5 5.0724 255
11.0 52947 26.0
115 55170 26.5
12.0 5.7393 27.0
12.5 59516 275
13.0 6.1839 2310
135 6,.4061 285
1440 8.62%4 2690
145 6.8507 %5
15.0 70730 300
15,5 72653

* Ti = (yeasi peruestage; x (fermeniztion nme)
Yt = (inital veast parceatags)
sast percaotage)

I yeast is added in 2 ste

. Etmal fermentation time) +

remaining fermentaton dme)

(remaining Y

(Adopted January 4, 1991)

Pounds VOC/ton
Bakery Product

75176
17399
7.9622
8.1845
8.4068
8.6291
8.8514
8.0737
92959
9.5182
9.74035
0.9628
10,1851
10.4074
10.6297
10.8520
11.0743
11.2%66
11.513%
117412
11.9635
12,1857
12,4030
12.6303
12.8526
13.0749
132972
135195
13,7418
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